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In an era of aodernization, nev wveapons systeas generate new
sanpover requirements for the airborne community withir the
A United States Aray. The problema of forecasting yearly
requirements and inventories has becone increasingly
complex. This thesis foraulates a methodology which aprplies
the Harkov Theory to sanpower planning in order to forecas:
yearly inventories. It also discusses <the strategy of
dynasic programming in determining the optimal numbers of
soldiers with certain skill levels and job types whc should
enter into each type of special training. Purther, this
sethodology is applied to the Career Manageament Pields of 11
and 13 in forecasting inventories for fiscal years 1985 and
1986 and in determining the optimal numbers of soldiers to
o enter into each type cf special training within the airborne
¥ comaunity.
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. I. INYRODUCIION
&
é§ In the late 1970's, in face of the surmounting Soviet
%ﬁ . Threat, the United States Army began to modernize its force
: by develcping hardware commensurate wvwith the present-day
}% levels of technology. New fighting platforms and systeas
e were developed and procured. Concurrently, new manpower
Qe requireme¢nts for specialized training were developed. Key
questions of vhoa to train and hov to train them had to be
I ansvered in order to maximize the total effectivenmess of
%m toth machine and orgarizaticn.
?Q The oproblem of deteraining ths maxiaum nusber of

personnel vho can enter into special training from the
different types of jobs and classes of military manpower bhas
Lecoae increasingly complex as the United States Army
continues its force modernization towvard the end of the

. decade of <*he eighties. It also has become increasingly
;ﬁ‘ crtitical to forecast the yearly requirements for personnel
? \ to be qualified by sgecial <training because of the fiscal

restricticns established by Congress pertainirg ¢to such
training. The ¢task is further complicated vhern those
requirements are desired by type of job and grade level.
Currently, force modernization has its greatest impact
on the airkcrne community vhich encompasses personnel of all
types of sgpecial training involving military parachuting.
The preceding aanpover problems are further complicated in
this ccamunity Py school capacity and budget constraints.
The remainder of this chapter provides pertinent background
inforsation about the airborne community whose personnel
. analysis is the subject of this thesis and defines the prob-

LA

&

f? lens peculiar to the airborne community. It also develops
;g , the critical questions pertaining to the number of perscnnel
" . 1"

KN

o




2 ;.‘\- .
proxy o

Ll ¥ -

PNRONN

v~

4
-,

......................

vho can undergo each type of special training from among the
different types cf jcts and grade levels.

Chapter 2 discusses the formulation of the model. I+
highlights the theoretical and amathematical concepts perti-
nant to the model formulation, and formulates the design of
the wmod¢l wvhich will forecast inventory end-strength
requirements for each type of special training and projects
those requirements by 3job tyre and grade 1level into future
years by utilizing Markov cChain theory. Additionally, it
exanines the application of dynamic programming as a viable
optimization strategy in deteraining <the special training
requirements in the airborne coammunity. Aggregation of the
forecasting and optimization phases of the overall mcdel and
a descrigtion of their interface will be discussed in the
remainder of the chapter.

Chapter 3 discusses the exacution of the aodel.
Sensitivity analysis of the data is applied to the budget
constraint, attriticn factors, promotion and recruitment
rates.

Chapter 4 discusses the potential of the model as a
decision saking tool and as a manpower planning model.

A. TEE AIREORNE CONHNUNITY

1. piliftary Qccypation Specialty (89S)

Bach soldier in the United States Armay is awarded a
silitary occupation sgecialty (MOS) upon the completion of
rasic training (BT) and advanced individual training (AIT).
Both types of <+training are designed to provide the soldier
with the tasic skills of his specific job. Bach MOS refers
to a specific type of job and job skill. (eg. cook (94B),
sechanic (63B), mortarsan (11C), infantryman (11B)). There
are 3€3 BCS's for which a soldier may be trained.
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2. skill Qualifjcation Ideptifier (SQI)

After attaining <¢the basic job skills and teing
avarded a MCS, a soldier can undergo special training which
will avard a2 skill gqualification 4identifier (SQI) upon
successful coapletion of that training. There are twenty-
nine SQI's within the United States Aray. This skill iden-
tifier indicates that the individual is qualified to perform
some srecific skill different from his basic job type. For
example, an infantrysan (11B) who successfully completes
airborne training is a qualified military parachutist and is
avarded the SQI of ‘'E°, This soldier's coaplete job type
and job skills wculd then be 11B-P.

3. Grade apnd $kill levels

A scldier in the United States Army may be promoted
through various grade levels. Initially, a soldier enters
the service at grade level crne. In order to be promoted to
the next grade level, an individual must undergo a specific
selection process. 1This selection process is based upon his
past perfcrmance, leadership qualities, and time in grade
and time in service criteria. This selection process for
promotion is similar at each grade level. For example, A
sergeant (E-S5) is prcsoted to the grade level of staff serg-
eant (E-6) once he has 12 months time in grade and 36 months
time in service and he is selected by a centralized selec-
tion lLoaré. The nire enlisted grade levels as correlated
vith rark are listed Lelow.

GRADE RANK
E-1 Private
B-2 Private
B-3 Private Pirst Class
E-4 Specialist
E=-5 Sergeant
B-6 Staff Sergeant

13




B-7 Sergeant First Class
P-8 Master Sargeant
E-9 Sergeant Major
Additionally, the soldier may move to the next skill
level (S1) vwhich is partially based upon demonstrated tech-
nical and tactical coapetency. These skill levels are
closely aligned to the grade levels. Movement to the next
skill level is based upon grade promotion. Maintaining the
grade level is partially a function of demons:trating comge-
tency in the corresgonding skill level. For exaaple, An
infantry sergeant, (-5, (SL 2) vho is promoted to staff
sergeant, E-6, (SL 3) naust demonstrata technical competency
at that skill and grade 1level. The relationship between
skill and grade levels is listed below.
GRADE SKILL LEVEL
E~1 to E-4
E-S
B-6
E-7
E-8 o E-9

W F W N a

4. Carser Hanagepent Field (cup)

Pach soldier in the United States Army has a career
pattern that he can follow. This pattern is a network of
Jobs as specified by BOS and SL. Exaaples of this career
progressicn are diagrammed in Pigures 1.1 and 1.2 ard repre-
sen®t the career progressions for CNP 11 and CHNF 13, respec-
tively. There are twenty-eight CNP's in the United States
Aray. Only CHPF 11 and CMF 13 will be considered in this
thesis.
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rigure 1.1 Career Progression Pattern for CHF 1f1.

5. Special Iraizing ¥ithip ths Aigborpe Copaupity

Tte airborne community consists of four types of

special training:

b, A) dirborne--referring to the 82nd ABY Division, S02
b ABN Brigade, XVIITI AEN Corps, U.S.Central Command

L (USCENCON) , and other miscellaneous units (A total
§£ cf 20,000 scldiers)
X3 B) Ranger--referring tc 2 battalions. (1500 soldiers)

C) Pathfinder--referring #o a small unit of no more
than 40-50 soldiers.

&)

o D) Special Forces--referring to the Sth, the 7¢h,
2 and the 10th Special Porces Groups, and the JPK
.“ 15
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Pigure 1.2 Career Progression Pattern for CHF 13.

Center and siscellanecus units. (A total of

6000 soldiers)

Airborne training awvards the skill qualification for

tasic silitary parachuting.
is awarded the SCI of *'P°*,
$85 while he is in training.

Each graduate of this training
A soldier is paid an additional
Once a soldier completes the

training, bthe is paid $85 per month vhile he remains as an

active nilitary rarachutist.

Active military parachuting or

"on jJump status®” is defined as having conducted at least one

Juap in a ninety day rpericd.

Recruitment fcr airborne training 1largely consists

of soldiers from amcng MOS

118 and ¢the SL's 1 and 2.

Recruitaent exists from amcng soldiers of all MOS's and

SL's.
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Ranger training avards the skill qualification for
small unit operations and requires soldiers to be parachu-
tist gualified prior the the conduct of training. Each
gradvate is avarded <the SQI of 'V, A soldier is paid an
additional $85 per acnth vhile he is in training.

Recruitment for ranger training mainly occurs from
among MCS 11B and SL's 2 and 3. Howvevear, recruitment is not
conducted from scldiers of SL 1.

Special Porces training awards the skill qualifica-
tion for proficiency in ccnducting covert operations and
Tequires soldiers to be parachutist qualified prior <“c the
conduct cf training. Bach graduate is avarded <the SCI of
*'S*, A soldier is paid an additional $85 per month while he
is in training.

Fecruitment for Special Porc~s training largely
consists ¢f soldiers from among M0S 11B and SL's 3 and 4.
Recruitment occurs fics among all categories of MOS and SL.

6. [Luty Positiop

In the United States Army, each soldier holds a duty
rosition which is a job category specified by his MmoOs, sI,
and SCI. In this tlesis, reference to duty position will
denote a particular specification of M0S, SL, and SQI, inm
that crder. The S1 designation used is a2 two-digit code
with the £first digit being <the skill level and the seccnd
digit teing a zero. Por examfrle, a soldier with a skill
level of one will have a SL of 10. If his MOS is
11B-infantrysan and his SQI is P-parachutist¢, then ¢that
gsoldiex's duty position is 11B10P.

7. Aythorizations Within the Airborne Community

Tke force vacancies created by attrition and *he
perscnnel scvements within the airborne community reflect
the tctal shortages tetween the authorized inventory level
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and the on-hand inventory level. All shortages can be
calculated Lty NOS, skill level, and SQI.

Shortages = Authcrized Inventory - Current Inventory

These 1levels of authcrizaticn by year are given by the
Perscnnel Structure and Composition System (PERSACS) docu-
ment and wvill be assumed to be known and non-negotiable.
levels cf authorization 4o nct necessarily equal the
strengths authorized by the Table of Organization and
Equipment (T0E) dccuments. The PERSACS generates the
authorizaticns of each duty position specified by MCS, SQI
and grade level and reflects levels annually deterasiped
tased upon current ailitary levels, aissions and budget
constraints. For example, the 824 Airborne Division has a
rapid derloyment mission and must be constantly manned vell
above the TOER strength levels. The PERSACS normally gener-
ates authorizaticns for that unit which are either at or
above TOP strength levels.

Changes in the force structure may change the
avthorized levels and vill be reflected in the PERSACS. PFor
this s=tudy, it will be assumed that changes to <the force
structure will be reflected in each year's authorization
levels. If the authorization 1level is 80% of the TOE
authorized strength level, then all shortages in each
categcry will be filled tc the community's authorization
level (80% of the strength level specified by the TOE). The
assumpticn will be made that the manpower pool factor is
also incorporated into the desired stock levels, as
explained Lkelow.

8. Janpower Pool Factor

In crder to support the assignment policy c¢f rota-

tion in and ocut of tte airbcrne community, the manpower pool
factor was created. This simply requires that for a soldier

18
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,¢ to have the opporturity to professionally develop, <*here

% sust exist another soldier who is qualified to £ill the
vacancy created upon the former's departure. For exasple,

2 ar Infantry sergeant, E-5, ncwv serving in the 82nd Airtorne

x| Civision, must have a qualified replacement serving in a

;} position cutside the airborne ccmmunity.

£ 9. Astzitdior Witbin the Airborne Comaupity

{?j A shortage vithin the airborne community can result

_f from personnel who leave the community by either conducting
an extiraticn of terx of service (ETS) wmove, oOr by retire-

A% sent. PIS movement can occur by:

..:1

» 1) Voluntary departure once an individual's obliga-

"1 tion is nmet. .

~3 2) Involun*ary departure as a result of adainistra-

tﬁ tive or punitive discharge. (2.g9. an individual

&Y

91 is discharged for the good of the service under

provisicns cf Aray Regulation 600-200, Chapter 10,
or he is dishonorably discharged under courts-
sartial.)

Shortages may also result wvhen personnel conduct a
permanent change of station (PCS) out of the airborne ccamsu-

;: nity. This attritior is a vcluntary reassignament out of the
Y airtecrne ccmmunity and a soldier automatically revokes
b (ternsinates) his military parachutist qualificaticn. For
- example, a soldier in the 82nd Airborne Division may no
'2 longexr want to be a xilitary parachutist and requests reas-
Eﬁ signaent to the 2nd Armored Division, a unit outside cf the

airbecrne ccamunity. Erior to his assignment, he must volun-
tarily vithdrav the military parachutist qualification and

| s

}: the SCI cf 'P' from tkis official military record.
}“
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X 10. Perscnnel Hovements Withip the Airborne Community

3

‘,"I Shortages may also result from promotions and demo-
v tions withkin each segsent of the coamunity. Por example, a
7 sergeant, B-5, wvhen promoted to staff sergeant, E-6, creates
}- a vacancy for an B-S in his segaent of the comaunity.

T Transfers within the community result from irdivid-
% uvals vho conduct a permanent change of station (PCS) froas
ng one segment of the comaunity to another segment of the
¥ community. Por example, A sergeant, E~5, from the 2d Ranger

Eattalion is reassigned to the 82nd Airborne Division. When
this <type of <transfer occurs, a shortage in the 1losing
segaent's ccmunity results, while a shortage in the gaining
= seguent cf the ccmamunity is filled. Note that “hese reas-
53 signmentes by PCS are both voluntary and involuntary, and are
unforseen at the beginning ¢f the year. It will be assunmed
ﬁ all intra-community EFCS assignments are negligible. The
o present pclicy of assignaent is that those soldiers quali-
% fied in any SQI of tte airbcrne community will rotate in and
N cut of the community in subsequent assignaments. This is to
{i insure the professioral develcpment of the soldier and is in
accordance vith the "whole man" concept.

11. Jpveptory Levels Withip the Airborne Community

Ly

&

Cn-hand inventory levels are recorded by the United

A

,% States Army Military Fersonnsl Center (MILPERCEN) as ending
$§ inventory levels of the fiscal year (PY). These inventory
- levels are recorded by MOS, skill level, and SQI. Ending
7 inventory levels for a year will be assumed to be the sanme
,E as the Leginning inventory levels for the following year.
;ﬁ For exanmgle, ending inventory level for the FY 1978 will be

the same as the beginning inventory level for FY 1979.

I~

£ .
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12. Fypding of special Iraiping Mithin the Airkorne
cenpunity

The funding for each type of special trainirg in the
airborne community 1is extracted from ¢the congressional
tudget vhich is allocated to the U.S. Army for the purpose
cf paying the hazardous duty pay for those soldiers on "juap
status" and for those soldiers undergoing special training
feculiar to the airborne comaunity.

TR

Wt o5 R

3

7]

' 13. Freguency of Irainind and School Capacity

5? Tte three types of special +training in the airtorne
N community are conducted at different times during the year
j» and vary in class size and length. Airborne training is a
- three veek course beginning every four weeks except during
%% tvo veeks in December. Pifty classes are cycled throughcut
§§ the year with each class 1limited to 400 soldiers. Ranger
o training is conducted five times per year with each class
y limited to 200 soldiers. The training periecd is eight veeks
fQ in duraticn. Special Porces training is conducted tvelve
‘ tinmes per year with each class limited to 100 soldiers. The
QT' training period is twelve veeks in duration.

B. PROBLEIE DEFINITICH

>

In the OUnited States Aray, the necessity to maintain
detailed inventories of gqualified personnel wvithin <+he
airborne coamunity has required manpower planners to develop P

Al

Eod?

;§ techniques and wodels to forecast the force by each duty
58

h fosition and to predict the training requirements needed to
it saintain the prescribed inventory levels for each duty posi-
p tion. Ttese tvwo requirements dJdictate that NILPERCEN, the
jf ' proponent for personnel assignments, be able to produce

k>

I3
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tisely rpredictions of future force levels, training require-
ments, and the effocts of any change within arnd outside *he
airborne coamunity.

1. Forecasting Fuyture Stocks

Banpover planning 4is satching the supply of peorle
with the jobs available [Ref. 1]. This is particularly
applicakle¢ in the airktorne cossunity vhere the duty position
is the ccaposite specification of MOS, skill/grade level,
and SQI. Those duty positicns which are vacant at the end
of the fiscal year are the jobs available for the following
fiscal year. In the airborne community, each duty position
(e.g. 1V11B10P--Infan*ry private, parachutist qualified) can
te considered as a specific state into which a soldier can
ke recruited or promcted and ocut of which he can be promoted
or attrited.

Attrition 4is the w=ost fundamental of all flows
(Ref. 2]. Attriticn in the airborne <community is both
voluntary and involuntary. In this case, attrition may
include intra-community and inter-comnunity transfers
resulting in PCS ands/or ETS movements which can be voluntary
cr involuntary and have a high degree of variabili¢y.

The objective of forecasting is to predict <the
future inventory levels of the airborne community given
total recruitment 3into the ccamunity and current flows
within and ocut of the comsunity.

2. cptimization ¢f Traipipg Bequjirements

once the ending inventory levels are predicted for a
specific time period, shor tages in certain job types can be
detersined. The budget with which to train new soldiers and
maintain the current force levels sets limits on how many
soldiers can enter into special SQI training. Additionally,
the capacity of the school which conducts each type of

22
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E
‘ﬁi special SCI training restricts the number of soldiers who
o) can enter into that respective SQI training. The questicns
" to be ansvered are:
X 1) Bev many soldiers should enter each
54 type of special SQI training?

\4 2) What duty positions should these soldiers £ill?

3) Hovw many soldiers will the budget and school

?i capacity allcw to enter into special SQI training?

b C. OVIRVIEW
The remaining chagters of this thesis will fcraulate a

e model to forecast future force levels in the airborne ccamu-
3;' nity by duty postion and to deteramine the number of soldiers

: to be trained by duty posticn. Only those duty positions of
by CHP 11 and CMP 13 will Dbe considered in the discussion,
Q: construction, and execution of the model.
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x5 IX. JODEL PORBNULAIJION

;tﬁ The forsulation cf the model will consist of the devel-
. opaent of two different sub-models which together will fore-
cast future stocks and determine the optimal levels to which

: training requirements can be filled.

R

B 2« PFORECASTING BHODEL

i}' Barkov amalysis can be used to predict future soveaents

é; of persconnel and end strength inventories by duty positioa

B3 in the airtorne coamsunity. Por the remainder of this
e thesis, tle fiscal year (PY) will be the time period consid-
N ered. To implement this analysis, certain assuaptions about

2{3 the airktcrne community must be met.

g& An assusption required by a Markov process is that the
N . end strength inventcries of each Aduty position within the
"y airbcrne ccmmunity are dependent only on the beginning

*yﬁ . strength inventories of each duty position and the promo-

gé tion, attrition, and recruitment flows during the fiscal

i year.
of A seccnd assumpticn is that each member of the perscnnel

systen is subject tc only cne flow during a single fiscal

: year. This assumption may be violated in reality as some

d soldiers may be prosoted and reclassified to a new ROS
within the same year. However, the frequercy of this cccur-
rence is very small and is normally prohibited by existing
policies. A soldier vho is reclassified 4into a new HCS is
norsally withheld from promotion consideration while a
soldier vho is promoted is restricted from changing his NOS.
Hovever, a soldier msay be promoted and attrited froms the

- airborne ccamunity vithin the fiscal year. This cccurrence

i g 24
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~ is largely limited to SL 1. Promotions in higher SL's incur
an additioral tise-in-service cbligation and preclude atiri-
tion during the same fiscal year.
A third assuapticn is that the fractional flows within
and cut of the systes remain constant over the time interval
. for which the fcrecast is being made. In zeality, these
rroportions will change yearly. In Chapter 4, the relaxa-
tion cf this assuapticn will be discussed in further detail.

1. Ile Developsept of the Markov Process

The Markov prccess is based upon the equation

J¢) = N(e-1)P + B (egn 2.1)
vhere¢ P is the transition matrix whose individual elements
pi represent the fractional flow rate with which personnel
trgl a partiailar duty position i move to another duty posi-
tion J during the fiscal year. N represents the force level
vector vhose individual compcnents n are the numbers of
goldiers in duty position i at the beginning of a particular
fiscal year (Ref. 3]. R represents the racruitment vector
whose individual elements r 6 are the numbers of soldiers who
enter into duty position i at the end of a particular fiscal
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year.
. The P-matrix is a representation of +the interrela-
X tionships among the MCS's, SL's, and SQI's. If there were
: only one KCS and one SQI then the transition matrix would be

just a representation of the existing promotion policies and
attritions from each duty position of ¢the overall fcrce.
' For exanmple¢, if the MOS was 11B-Infantryman arnd the SQI was
A P-Parachutist, then the duty positions would be 1)11B10P,
2) 11B20P, 3)11B30P, 4)11B4OP, 5S) 11B50P. The corresponding
o transiticp matrix is listed in Pigure 2.1 and represents the
ﬁ promotion and staying rates within each skill 1level of the
airborne coamunity consisting of one MOS and one SQI.
2
.
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SL 1 2 3 4 S

1l X X

2 X X

3 X X

4 X X
5 X

Note: Cnly non-zeroc elements are indicated by an *'x°'.

Pigure 2.1 Transition Matrix I.

Witen no 4interrelaticneships exist between the SQI's
¢r *he NCS's then a series of separate transition matrices
for each MCS-SQI ccabination is generated. The curreat
force level vector B8 can be partitioned into smaller sepa-
rate comgonents., Fach component is passed through its
correspcnding transition matrix of the <+ype shown in Pigure
2. 1. The resulting force levels of the two components are
then aggregated to form the predicted force level vectcr at
the fcllcwirg tise period. For example, if the MOS's were
11B-infantrysan and 13B-cannon crewman, the SQI was
F-parachutist for both, and the SL's were 1-5, then the duty
positions would te as listed in Tabls I.

The force level vector N would consist of all duty
positions as listed in Table I. But, since no interdepen-
dence between the twc MOS's exist, the force level vector N
can te decoaposed by MOS into two smaller force level

26




I.:"

SRS TN

PO

e
ﬁxzf

L
s

Y

Iy
&y
Sa?

A
'3

L
)

.4 LS N e R . . . ‘. .4'-_ - - - .t L S

.

TABLE I
Duty Position

¥OS SI SQI M0S SL SQI
1B 10 P 13B 10 P

1B 20 P 138 20 P

11B 30 P 13B 30 P

118 ng P 13B 40 P

11B 50 P

vectors !1 and N which correspond to MOS 11B and #O0S 13B,
respectively. These force level vectors can be expressed

!1 = (11B10P, 11B20P, 11B30P, 11B4OP, 11B50P)

!2 = (13B10P, 13B20P, 13B30P, 13B40OP)

Given that the current PY is designated by t-1, the force

level vector N(t) of the next FY can be determined as X (t)
= (g1|t).gz(t)) wvhere the force lavel vectors §1(t) and

!z(t) are ccmputed as:

= N (t-1)P1
!1(t) -11 ) + R

§_ () = N_(t-1)P2 + B .
< 2

Here, P1 and P2 represent the transition matrices similar to
transiticn matrix I.

Interrelationships among several SQI's within cne
MOS create composite matrices. If the MOS remains fixed,
but the SQI's and grade/skill 1levels vary, a composite
matrix results due tc the interdependence of the two S(CI's.
In this case, a2 composite matrix would ke generated.
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Fcr examtle, if the ¥0S was 11B-Infantryman, the
SQI's were F-parachutist and V-ranger, and the skill levels
were 1-5, +then the duty pcsitions for that type of systenm
would be as listed in Table II.

TABLE I1I
Duty Positions

80S SI SQI MOS SL SQI

10 P 11B 10 V
P v

OO0
ooy

b b b ad
b b o b
om oo
V& W
I=1=1-Y=
Qi<

In this example, the SQI's have a fiscal relaticnship as
descriked in Chapter 1. The composite matrix listed in
Figure 2.2 represents the matrix which is appropriate in
this case.

Similarly, a composite matrix is created if there is
an interdependence between a set of NOS's. If such a rela-
tionship exists then the current force level vector cannot
be partitioned and a composite matrix results. The actual
structure of the wmatrix is a function of the number of
MOS's, SQI's, and grade/skill levels.

Fcr example, if the MOS's vare 11B-infantryman and
11C-scrtazrman, with the SQI's and skill levels the same as
in t¢he previous oxample, ¢ther the duty positions listed in
Table III exist.

The matrix 1listed in Figure 2.3 is the ccapcsite
satrix tkat is +then generated and is used +to predict force
levels of the overall systea. In the airborne community,
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> pUTY POSITION 4 1 2 3 4 S 6 7 8 3 10

‘. 11siop . 1 x X x

% 11B20P 2 x x x

33 11B30P 3 X X X

. 11B40P ] X X X

o

5? 11p50P 5 X X

%3 11B10V 6 X X X

Y

8 11820V 7 x x x

11830V 8 X X X

*g 11840V 9 X x x
11850V 10 x x

L Note: Only non-zer¢ elements are indicated by an *x°'.

b

1

T Pigure 2.2 Transition Matrix II.

LA

TABLE III

% Duty Positions

;s ¥0S Sl SQI M0S SL SQI

> R HER 3
13 %8 3 11¢ 30 b

g e i e o v

. 1B 1¢ V 11C 10 Vv

3 B R

11B 68 v 11¢ 40 V
118 S¢ V

)

=
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DUTY_rosSiTiON 1 1 2 3 4 ] ] ? [ ] ¢ 10 11 12 13 14 13 16 17 19
tietor 1 x 3 x x x

’ 119200 2 x oz 2 z x

.': 1e30 - ) =z x x x
‘ 118400 q x X } b 4
- 11800 ] X z

11ct100 ¢ x X x ] 2
11c200 7 b 4 3 x b 4 )
11¢c309 9 b 3 X
11cd0p 9 X X }
11810V 10 x 4 x x 4
11920V 11  § x b  § x
11830 12 4 x 4 4
11840v 13 z x X z
11990 14 4 z
11c10v 13 2  § X X
11c20% 16 } z b b x
11c30"% 17 b | 2 b 4 x
11c4ay 19 b 4 4 b § 2
Note: Cnly non-zerc elements are shown by an °'x°*,

Pigure 2.3 Transition Matrix III.

.
PO T S S
Aok a4 A_AA-_

povements among MOS's are negligible. The underlying factor
that bPinds the sub-communitias together is the =mcvements
from one SQI to anotter. The transition rates of the sepa-
rate airtorne sub-ccmmunities (i.e. parachutist, ranger,
special fcrces) indicate how personnel move within each
respective sub-community. The fractions of personnel tha+
Bove among the sub-ccymunities also contribute to the deter-
sination cf the force levels of the next fiscal year.
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2. Gepemticn of Irangitiop Matrjces for CMF 11 and CNF
i3
The architecture of a transition matrix for any CNF
is generated by imbedding a series of matrices. The prccess
vhich gere¢rates the transition matrix is 1) begin with the
€0T satrix, 2)imbed <the NMOS matrix within the SQI matrix,
and 3)ismteéd the skill levels within the resulting matrix.
At each step, relaticnshigs among either the SQI's and/or
the N0S‘*s determine vhether a composite matrix or 4 series
of separate matrices is generated. Por CHMF 11 and CMF 13,
the fcllowing MOS*s exist among the three SQI's of the
airbcrne community as listed in Tables 1IV and v,

Ly b )

ok By A

respectively.

of R

Nl

: ]

y y

) TABLE IV ]

I 1
. cur 11 d

A

? Parachytist Ranger Special Forces

% NOS SQI ‘B¢ SQI 'V SQI *S?

y 1118 b X X

R 11C p x x

: 118 b 4

N, 'x* denotes that the MOS is authozized within tke

# specific sqQI.

3

2

& v

k!

The first step of generating the <¢transition matrix
for either CHP is ¢tc construct the SQI amatrix. All three
SQI's are related by the congressional funding as amentioned
in the previous chapter. Thus, a composite SQI matrix is
generated as illustrated in Figure 2.4. This composite SQI
satrix would be the same for both CMP 11 and CNF 13.

> %
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A
. TABLE V
&
3 CHPF 13
N Parachutist BRanger special Forces
=\ uis SQT 'E? SQI 'ys SQI *s?
~* 13B b 4
13C x
< }3; X
o 3 x x
v ) x
% 13c x
W 178 X
e 13R X
. 82C p 4
13y x
138 p 4
‘{5 132 x
s Py denotei that the M0S is authorized within the
I specific sQ1I.
#-
3
i The second step of generating the transition matrix
e

for CMF 11 cr CHP 13, is to imbed the MOS's which exist in
}3 each SQI of the airbecrne cosmunity within the SQI ccepcsite
X satriz. Each MOS is related by <the career progression

; pattern as described in Chapter 1. The resulting matrices
for CHBF 11 and CHPF 13 are diagrammed in Figures 2.5 and 2.6,

- respectively.

N

§ The final step in generating the transition satrices
21 for tcth CNP 11 and CMF 13 is to imbed the skill levels
- within the matrices previously generated in the seccnd step.
o The transition matrices generated for CMF 11 and CMF 13 are
E: shovn in Figures 2.7 and 2.8, respectively.

gE This basic architecture of the final <transition

satrices for the corresponding CMF's will be utilized in the
next chafpter vhen the execution of the Forecasting Model is

AL

Cata

discussed.
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Pigure 2.4 SQI Matrix.
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SQI MATRIX FOR CMF 11 (MOS-IMBEDDED)

Pigure 2.5 MOS Matrix for CNF 11,
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ks Pigure 2.6 NOS Matrix for CHPF 13.
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\‘ B. OPTIRIZATION HODZL
1. 1l¢ Development of the Objective Function

‘é Tte first task in the development of an optimization
;j sodel is to deteramine its objective or goal. The number of
< soldiers who shculd enter training is a functior of the
o shortage at the current fiscal year for each duty pcsiticn.
N The numker of scldiers who will fill the vacancies in the
ie next fiscal year is a fraction of those soldiers who will
; complete the required SQI training. If no shortage exists
" in a particular duty position <then n0 requirement fer a
X trained recrult is generated. However, if a shortags does
E exist, then that shcrtage generates the requirement for a

gualified person of that particular SQI. The applicaticn of
the course ocompleticn rate pertaining to a particular SQI
iy detersines the number needed to enter such SQI +raiming.
2 Thus, if the number of shortages is nainimized then the

?? nusber required to entear each SQI training is directly

. affected. Ideally, it would be Jdesirable to have no
shortage at all in apy duty position. This would mean all

‘i‘ : duty positicns wculd be filled to their authorized levels.

- But, budgetary constraints do not always allow all duty

) positions tc be filled to their authorized levels. Hence, 2

ﬁ goal of the optimization model is to reduce the overall

fg shortage within the airborne community.

k ‘ Tte shortage in the airborne community for any time

- period » is graphically represented in Figure 2.9.

Eé Mathematically, this shortage can be expressed as:

k>
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AUTHORIZED FORCE LEVEL AT
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MINUS CURRENT FORCE LEVEL AT
TIME M-1

MINUS COMPLETIONS OF O I
TRAINING DURING TIME(M-1, M)

SHORTAGE IN
THE AIRBORNE

COMMUNITY |

This shortage can te further defined as:

Authorized current co Entrants into
Force level -~ Force Level + Congletion ° gQI Trai ng
at time » at +¢ige n-1 ur ng(+

Note: The current force level at time n-1 is t e
attrited rce level generated by the Markov process
described in the previous section.

Pigure 2.9 Shortage in the Airborne Community.
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Sad- (N+ (be X))

where S represents shcrtage
L A represents thke authcrized inventory level
i at time period m
¥ N re¢presents the current force lavel
at time periodm - 1

’; I represents tle course ccapletion rate
ﬁ X represents the number of personnsl who
¢ enter SQI training .
Por each job typa, this relationship can be expressed as:
fi sijk = Aijk - (Nijk +b e xijk) (eqn 2.2)
N] vhere i denctes the srecific MoOs
Y, J denotes the specific grade/skill level
k denctes the specific sQI.
;; The syabcl S represents the shortage for each duty pcsi-
}3 tion as specigged by #0s i, SL §, and SQI k. He let Ai
_ and N be the same quantities as in the preceding equation
. except that each refers to a specified duty position
descrited ty the subscripts i, j, and k. The course comple-~-
N tion rate is represented as b for SQI k and is nct depen-

dent on i or j because no distinction is made by MOS and/or
SL while a soldier is undergoing SQI k training. The syabol
li K represents the number of personnel with MOS i and SL jJ
uhg should enter into SQI k +training in order to £ill the
vacancy ir a duty pcsition specified by i, 3§ and k. In
accordance with the cptimization of training requireaments as
discussed in Chapter 1, the decision variable chosen fcr
this cptimization is x K
As discussed in the previous chapter, the authcrized
inventory levels are provided by the PERSACS docuaent. The
- course ccmpletion rate of each type of SQI training is
provided frcam empirical data while current force levels are
either rrovided by historical data <£for the initial <time
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pericd cr ty the predicted force levels of the succeeding
time pericds as generated by the Markov process described in
the previcus section. The Interpretation of (bk.xijk) is
the number of qualified soldiers who will enter intc the
airborne comamunity. Since the elements of the expression
(‘ijk - nijk) are derived from known data, +his expression

can represénted as a single term a,6 .

a = (‘. - N ) -
ik ik ijk

By substituting the tern aijk into Equation 2.2, the result
is:

S a - (b X . eqgn 2.3

i3k T %9k T Pt Tigd (ed )
Thus, since the ob‘ective is to minimize <the sum of all
shortages of personnel for each duty position as specified
ty 80s i, SL j, and SQI k, the objective function can be
mathenatically expressed as:

ui i - b x -
rimize z (aijk ( X . ijk”
i.j.k

This objective function assesses the same penalty %o
each vacancy of each type of duty position. The penalty of
the first vacancy is equal to the penalty of the second and
third and so on. Although this scheme may be mathematically
foasible, it does not realistically capture the dynamics of
this prctlea. In tlte airborne community, unit readiness is
inversely related to the shortage of personnel.

For example, as the shortage of personnel increases
the unit effectiveness decreases. If a unit of one hundred
men is <cehort ten men <then it is considered to be able to
continue its primary missicn. But, if that same uni+ is
short twenty men, it 1is considered able to continue its
primary mission subject to certain restrictions. When that
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unit is shert fecrty men then it is considered unable to
gerfcrm any ¢f its primary missionms.

Tte question of what relationship really exists
tetween shortage and readiness has not really been gquanti-
fied. Hcvwever, it is accepted that an inverse relationship
does exist Letveen shortage and readiness [Ref. &]). Also,
the assusption will ke nmade that there is no penalty for
teing over the authorized level in any duty position. The
marginal difference Ltetween each shortage can be viewved as a
penalty and must increase with each successive vacancy. As
a result, the desired form of <the objective function is
graphically shown in Figure 2.10. Thus, the linear rala-
tionship is clearly nct adegquate.

THE PENALTY FUNCTION

10908

PENALTY ASSESSED
x10® 4109 @x10%  gm10?

rigure 2.10 Penalty Versus Shortage.

Tte rate a%t which the objective function increases
for e¢ach additional vacancy will be assumed to be quadratic
and the ctjective function will be expressed as
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riniaize ¥ > }Etaijk - (bk . xijk)].
i 3 k

The guadratic function satisfies the iaverse relationship
descriked earlier in this section. This choice of objective
functicn is arbitrary, but it does have the property of
penalizing each additional shortage with increasing
severity. Other objective functions could be handled using
the same methodology discussed below.

2. The Development of the Constraints

Ttere are <twc factcrs that restrict the decision
variakles xi . One is the budget while the second is the
school capac!gy. The total number of soldiers who enter SQI
training cannot exceed the capacity L of the respective
schocl during the ccrresponding time period. Also, the
total cost of training all soldiers who enter all SQI
training cannot exceed some budget level, B, which is allo-
cated for SQI training. Mathesatically, the school capacity
constraint can be exrressed as:

T3 <L
“ 5 ijk ~ 'k

Por example, if five hundred soldiers can be accommodated in
ranger training thrcughout the year by the United States
Aray Ranger School, then the total number of soldiers of all
MOS's and skill/grade 1levels that can enter into that type
of SQI training is lizited tc 500. This limitation can be
the result of living accomcdations, student-cadre ratio,or
any other factor vwhich sets a physical restriction on the
number of students that can be effectively trained. The
tudget ccnstraint can be mathematically expressed as:

k=1'2'oo. -
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wvhere t is the training ccst for the kth type of SQ1
training. The derivation of this cost will be discussed in
the fcllcuing section.

3. Ile cost of Izaining

While the soldier is undergoing ¢raining, hazardous
duty pay is paid until that <training is completed. If a
soldier fails to cosplete the entire course, he is paid a
pro-rated sum dependent on the length of training cospleted.
Some sgoldiers will fail in the early portions of the course
shile scme wvwill fail in the latter portions of the course.
If times cf failure are assurmed to be uniformly distrituted
over the <fiscal year, <the average time of failure is the
aidpcint of the <training period, and the cost of that
failure is half <the cost of <training a soldier for the
entire fiscal year.

Once a soldier ccmpletes the training and is
assigned to a unit within the airborne comaunity which is on
*Junp status’, he is raid hazardous duty pay until he leaves
the airbcrne coamunity. This cost represents the cost to
man the force and is dependent on the time vhen a soldier
enters the airborne community. Some soldiers will enter in
the lreginning vhile some will enter during the latter
gorticn of the fiscal year. As a result, +he dis+ribution
cf entry times into the airbeorne comaunity by soldiers just
completing SQI training 4is also assumed to be unifersly
distrituted over the fiscal vyear. Therefore, the average
time of entry 4is the midpoint of the fiscal year, and the
cost cf sanning that soldier is half the cost of manning a
soldier fcr the entire fiscal year.
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Nct all soldiers who enter irnto SQI training will be
assigned to a duty position which is a part of a unit on
'Juap status'. Therefore, this manning cost will only apply
to those soldiers whc fill duty positions which belong to
unite on *jump status?, The percentage of shortages of
‘Jump status' units with respect to the total shortages can
ke expressed as:

the number of "juap"™ vacancies in SQI k

PCT = sswecccocemceccetmccecsaceeccmconccaccaonas eqn 2.4
4 the total vacancies in SQI k (eq )

The total ccst of training for any fiscal year is
the sus of the hazardcus duty fay for soldiers who complete
and fcr those who fail SQI training and the hazardous duty
pay fecr the remaining fiscal year for soldiers who complete
training and are subsequently assigned to a "jump™ wunit.
This is graghically represented in Figure 2.11.
Mathematically, this cest Tk is expressed as

Tk = (ck .bk.xijk, *(ck/2- (1-bk) .xijk’ + (1/20bk-xijk) 01?C‘.l‘k
wvhere T represents the cost tc train all soldiers
k in SQI k during the fiscal year
c_ represents the cost to train one soldier
in SQI k
t represents the course c¢cmpletion rate of
SQI k training for the fiscal year
B Trepresents the cost to man one soldier in
tke airtorne community €for a fiscal year
xijk represents the numlker who enter training
during the fiscal year
PCTk rerresents the percentage of 'juap status?
vacancies in a fiscal year

By algetraic sanipulation, the following expression results.
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K T = 1/2¢{(c + 3 e PCT )eb J¢ C e X

% K 720 ¢ Kk K k] k} ijk
Since X is the variable equal to the number of soldiers

ada

ijk
vho cnteg into SQI k training from MOS i and SL j. The cost
incurred by each soldier entering into a particular type of
SQI training during the fiscal year is

Pt

iy t = 172 C ¢+ m e PCT )eb Je c }. eqn 2.5
s X /[“k k) k] k] (eq )
“w
A
XY
%,
7. COST OF SQI TRAINING
R
1y
M
5 HAZAROOUS HALF THE HALF T
QUTY PAY HAZAROOUS Y%M&L’Y‘E
FOR THE OUTY PAY FOR MANNING
SuRIon o AR
TRAINING

THE THE NUMBER PERCENTAGE
NUMBER WHO FAIL SQI OF THE
WHO TRAINING NUMBER WHO
COMPLETE COMPLETE
SQI SQI
TRAINING TRAINING
o AND ARE
- , ASSIGNED
A 70 JUMP
i ASSIGNMENTS.
Al
o Pigure 2.11 Cest of SQI Training.
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4. Ile Optimizaticn Prgblen
The mathamatical representation of the optimization

Froblem is:

Binisize 5 3 ¥ (a 19 - b ox L (objective functicn)
i 3 k

t X < B (budget constraint)

Subject to
k i4k

™M
= ™M

X <L school capacit
14k K ( p Y)

2
1
2
{

u.Mu.

X 20 non-negativit

19k ( g Y)
Note that <+his rroblem can be viewed as <three sulkprctleas
related bty a budget restriction. This allows the original
problem tc Le re-written in the following format.

EARACHUTIST RANGER SPECIAL PCRCES
BIN ) (2, <b_eX fle @ bex. 5+ @ -boex 2
w 131 1 Tign i§2 2 "ij2' i43 3 "ij3
[
<
2 Bt f2%%iq2 |t t3%%i43 B
i,9
X <L
2 131 1
i,3
> ' 3 SL
1,9 ij2 2
’ > ' 3 <L
. ij3 3
i3

If the <cptisal porticn of <the budget allccated to
each sutprroklem is krcwn then each subproblem can be solved
independently. Thus, ¢the critical question is "how should
the overall htudget be allocated to the three subprobleas?"
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S. Lypasic frogrammjpng

Dynamic Programmsing is an optimizing strategy
;s& _ (Ref. 5] ncrmally applied ¢to a class of problems which
£

require a sequence cf related decisions and is ideally

BE
%
o 83 81
By .
N STAGE 3 STAGE |

N

£ QIS SQI P -
o X3=3 | | X0=0
A5 X1=X2-82
N
A%t
By R3(B3) R2(B2) RL(B1)
.‘

&
o
e Pigure 2.12 Stage Diagram for the Airborne Community.
f: suited for the question 9Just posed. The problem can be
0 vieved as shown in Piqure 2.12 vhere each stage correstonds
i&f to one of ttre sutprotleas. Por example, stage 1 represents
1o +he subprcblem pertaining to parachutist training. Entering
;‘z'j into s fparticular stage k is the state variable X which
';4 correspcnds to the remaining budget to be allocated. Also
bt associated vith each stage k is a decision variable B which
% represents the amount of <the budget allocated to stage k
;;4 and a stage return function R (Bk) vhich gives the shortage
?*ﬁ penalty associated with that stage (SQI) as a function of
i
§£§ ) the decision variable Bk' The construction of the stage
RS
23 48
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return function 4is discussed in detail 1later in this
W section.

The original gquestion pertaining to the allocation
¢f the Ludget among the three subproblems can be stated as:

3
. Minigize B (B

; 2 B
& k k=1
L
»
) 3
K
Y Subject to B, S B
) k=1
% and B 20 for k = 1,2,3.
o k
3 If £ (xk) is defined to be the optimal (minimunm)
M total penalty from tle stages 1 through k, then +he dynamic
j programsing recursive equations for all stages except the
;3 first can te mathesmatically written as:

. £ (X = HNIN (R (B + £ X X =X -8B

& x % LB B! MRALNIPLE (L kK X
_§ shere Rk(Bk) represents the shortage penalty for the kth SQI
' fk 1(xk 1) represents the remaining ainimum penalty assoc-
2 jated with the stages 1,2,...k-1 after the de-
.3 cision Bk has been made and a budget of Xk-1
Ty remains.
:‘ Por this specific proklem, when there are three stages, the
" recursive equations can be expressed as:
X
q
%
»

| AP
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'AGE 3 = MIN [R . = -
STAGE fs(x3) 5 { 3(B) ¢ fz(xz)] X X B

SIAGE 2 £ (X ) = MIN [B (B ) + £ (X X =X -8B
, %) i ( ,B) ML RRE

N 1 2 2

i 2
N
STAGY 1 f = MIN [R (B .

= 1( 1) B C 1( 1)]

1

fsﬁ Ttese recusive equaticns reflect the principle which
;:ﬁ vas stated Ly Bellman [Ref. 6] as the principle of opti-
Y sality.
553 “An optimal policy has the property that whatever the
L) initial state and initial decision 2re, the remainin

'~ decisicpe must constitute an optimal °lic¥ vith regar
tﬁ‘ €0 the state resulting froam the first decision."
;\ﬁ Specifically, no matter what decision is made on how much is
§93 to te allocated to parachutist training, the decisions
}a- rertaining to ranger and special forces training aust

constitute an optimal policy with respect to the remaining
oo budget. Thus, the recursive equation for f£_(X_) combines

‘5 Y
;ﬂ the immediate penalty R_(B_) with the optimal penalty from
2” the ranger and special forces SQI wvhich is expressed as a

)
W}

function fz of the remaining budget x3—33.

The =solution cf the recursive asquations listed above
tegins with ¢the computation of f1(x1) for all values of x1
vhich range lretween zeroc and the budget restriction B. Once
this is ccapleted, tike function fz(xzp is computed for all
¥ values of X_ betveen 0 and E. Pinally, the function f3(x3)

S

2
Eﬁ; is calculated for the given value of budget B.
& iy
S The preceding discussion assumed that the return
B functions R (B ) are available; and, if so, then the
oy strategy c¢f dynaasic gprogramsing can be used to deteramine the
2
* ,-\
]
&:: 50
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cptimal allocation of budget P to the three stages ccrre-
sponding tc the three +*ypes of SQI training. The construc-
tion of the stage return function will be discussed in the
following section.

a. Determination of the Return Punction

The stage return function R (B ) represents the
penalty associated with SQI k when B, units of the budget
are allocated to kth type of SQI training. The construction
of th; stage return function Rk(Bk) for one type of SQI
training will be discussed.

The optiszization problem for the kth type of SQI
training can be mathenmatically expressed as:

2
Minimize ; z (aijk - bk.xijk’ (objective functicn)
i3

Sutject to }E }E tk . xijk < Bk (budget constraint)
i3
X <
}E }E 1k Lk (school capacity)
i3
2 - ivi
xijk 2 0 (non-negativity)

vhere Bk rerresents a portion of the overall ltudget.

Note that the asount of budget allocated in a particular
type of SCI training is a function of the cost of training

tk and the number entering training xijk' Further, the

goluticn to this proklem must yield an optimal value with
respect tc eéach value of B . This optimal value is the
return function value Rk(Bk) described in the rprevious
secticn.

The objective function can be expressed as:
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and the ccnstraints can be written as

§ ? xijk < Bk/tk

zz: <L
il ik k

v

) ¢ 0.
ijk

Mote that only one constraint will be active.
1f l.k p E/tk. then tie first constraint is the more restric-

tive one. On the cther hand, if I.k < B/tk' the second
constraint 'will be the more restrictive one. Because of
this unique structure, the problem can be revritten as

Hinisi Z b2 (a b X 2
nimize y & 19x” % 15k’
i,]
Sub t ' X s CP
ubjec P 19k c
i3
2
xijk 20

vhere CP = MIN{L ,B ,t }.
K LA

The capacity restriction CP places an upper
tound on the to*al nrnumber of traiping slots which can be
allocated to that SQI. Moreover, a training allocation will
te made in the categcry specified by the subscripts i, 9,
and k, having the greatest "shortage" (ai k/bk).

This prctlem can now be viewed as a single
resource allocation groblea. Each additional man is alloe-
cated vhere the marginal decrease in the objective function
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is greatest since <the penalty is most severe for the posi-
tion of greates:t shortage. In order to facilitate <+his
allocation schesne, all shertages within a particular SQI
category are ordered with the catagory of greatest shortage
first. Allccaticns are made until the remaining shortage of
the first category is equal to the shortage of the second
category. The allocations then continue with alternating
allocaticns being made to these two categories until both
shortage levels are equal to the shortage of the third
category. The allocation scheme continues irn this way until
all shortage levels are reduced toc zero or until the
capacity res*riction CP, beccme binding.

once an allocation is made, the value for the
objective function of the subproblem is calculated. These
values with thei~ corresponding budget values constitute the
return function Bk(Bk) for that particular SQI category.
Further, these values are optimal for the corresponding
tudget values. Alsc, the allocations are the optimal
distribution plan for a specified level of the budget.

An exaaple of the construction of the stage
return function R (B ) is listed in Tables VI and VII as the
distribution plan apd the return function values, respec-
tively. In this example, the two duty positions 11B20V and
11B30V have existing shcrtages of three and two, respec-
tively, and the cost cf training a soldier in this partic-
vlar SQI was ten dcllars. The allocation procedure as
descrired atove was programmed for a computer. The FORTRAN
progras is listed in 2ppendix A.

t. MApplicaticn of a Special Algorithm

In the vpreceding probleam, the solution prccess
viewed tle whole protlem as three budgetary-related subprch-
lems in a particular sequence. However, this prcblea
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; TABLE VI
Distribation Plan
20
o 1st ALLOCATICN:
A Shortage .
b, Initial Rewmaining Allocation
. 3 2 1 11820V
2. 2. 0. 11B30V
: 2nd Agtogncu:
ortage
Initial Rglaining Allocatien
s 3. 2. 11B20V
> Z. 2 « 11B30vV
o 3zxd lg{;gCATICN.
Initial Relaining Allocation
) 3, 2. 11820V
N e 1. 11B30V
N 4th ALLOCATICK:
ot Shortage
X Initial Réraining Allocation
\‘ 3. 0. 3- 11320V
a 2. ‘. 1. 11B3OV
: Sth ALLOCATICN: .
b Shortage
59 Initial Rémaining Allocatiorn
¢ ER 0. 3.7 11B20V
_.. de 0. 2. 11B30V
e
\:
;i
<
.*.‘:
A
7
X TABLE VII
Py Return Punction Values
bl
: Budget Z-Value
it 100
A §8 81
% 4 %9
§1 58 36
tﬂ Note: 'Ehe Z-val e is the yalue of the objective
ﬁ unction or a particular SQI.
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pertaining to the airtorne community has the distinct grcp-

erty that allocating to the category of greatest shortage is
equivalent to allocating to the position which cortributes
the greatest marginal decrease in the objective function.
This protlenm can nowv ke viewved as a "knapsack" problem which
asks for cptimal allccations of parachutists, rangers, and
special fcrces soldiers ¢tc training, given a particular
tudget. If the specified btudget is treated as a knapsack,
it can te filled by adding training allocations of desig-
nated costs which vhen added +o the knapsack will marginally
decrease the overall shortage of the personnel systen. The
cost for each ¢training allocation is the training cost fer
each soldier sent into a designated type of SQI training.
Pach training allocation in the knapsack is a different itenm
vith a srecific value and ccst. Thus, the optimization
froblem can be restated as:

3
¥inimize S = v (X
) % (%)
k=1
3
Subject to > tex <8
k=1
X 20
k

wvhere S rerresents the shortage function ( (A-F) -BkeN)

'k represents the return (penalty) function for the
kth type of SQI training

t zrepresents the +training cost for the kth type of
SQI training

X rerresents the number cf soldiers allocated toc the
kth type of SQI training.

The return function vk is a marginally
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decreasing penalty furction where sach additional allocation
decreases the shortage function S at a marginally decreasing

K k=1,2,3,4,5

Pigure 2.13 The Return (Penalty) Punction.

rate. This is graphically represented in Figure 2.13. The
return function can further be defined as:

Xk
.|
vE) T 2o
i=0
vhere uk(i) reprasents the marginal return (decrease) asscci-
ated with the increase in allocation fronm xk=i-1
to X =i,
k

The marginal return uk(i) is mathematically defined as:

M) sv ) - v
kT e T R
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An algorithm which exploits the structure of the
knapsack prcblea is the backward-looking algorithm discussed
by Dreyfus and lav (Ref. 7), although <hat algorithm is
presented only in the context o¢f constant marginal retursns.
In the Tfprcltlea pertaining to the airborne community, the
values of v, are decreasing but the iaplementation of the
algorithr is *the sase. In this problen, the decision is
"into which category do we place the first and each subse-
quent training allocation?™ Once an allocation is made to
the ith category, a value vi is obtained and the remaining
availatle budget is E-ti. The recarrence relation for £ (B)
can ke written as:

£(B) = Eggil.gt':; {uk (xk (B-tk) + f(B-tk)}

vhere f (B) represents the optimal (minimal) total penalty
that can te obtained from the three SQI categor-

isas when the availakle budget is B.

X (B) represents the cptimal value of xk when the

available budget is B.

Therefore, given a specific budget, an optimal schese of
allocaticrs among tte three types of SQI training can be
computed.

Tvo conditions make the algorithm easier to
implenment. Pirst, that the costs and the budget are all
integer or can be scaled to be intager. For example, if the
budget was $10.40 then it can be scaled to 1040 cents.
Second, <+hat the greatest ccomcn divisor among <the budget
and coste is one.

An exaaple of this algorithas is graphically
represented. The costs t , the marginal returns v,, and the
categcries of shortage are listed in Table VIII. A hori-
zontal line is shown in Pigqure 2.14 which represents the
availatle Ltudget in dcllars.
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TABLE VIII
Costs and Narginal Returns

TRAIMING A TRAINING B TRAINING C
E1 V1 B2 V2 B3 V3
1 =5 1 -18 1 =-4¢€
2 -4 2 -17 2 -43
3 -3 3 -1 3 -9
4 -2 4 -8 4 -1
5 -1 S =7 5 0
Costs of ¢raining : tA=1, tB=2, tC=3
Budget: B=10
Shcrtage: SaA=S, SB=5, SC=5, j§=3

N R S R S S R M MR BT

Pigure 2.14 Available Budget.

At any point ?, a template of SQI ¢training costs
tk graphically portrays the possible paths by which the
budget ccrresponding to point P could have been reached. At
point P (tudget = 7), the optimsal solution is sought and the
graphical representation of the situation is shown in Pigure
2.15, Allccaticn vectors are also shown for budgets 4, S,
and 6, and represent the ortimal allocation among the three
types of training at the point directly above.

Proa the point P, an allocation can be deter-
mined by looking back to the allocations made at the budget
levels 4, 5, and 6. Prom the Pudget levels 4, 5, and 6, a
training allocation can be made to training types C, B, and
A, resgectively. The corresponding costs and sarginal




Yl

~<ﬁ ety

o2
i,

e

K

Paig”
PG LA

\ et

.......................
................................................

N Sy (o G S B R

@B @ @ @666 @ @

0 =5 -18 -46 -51 -64 -89 =94 £(B)

Pigure 2.15 Available Budget.

values for the allocations to training types C, B, and A,
are $3, $2, $1, and -43, -17, -5, respectively. The optimal
solutions at 4,5 and 6, vere -51, -€4, and -89, The three
possitle values for pcint P are:

Barginal Value + [ £(B-t) ] Possible Value
-43 + -51 = -94
-17 + -64 = -81
-5 ¢ -89 = =94

Given a rudget of seven, the optimal allocation vector can
te formed by the addition of a training allocation in
categcery C *o the allccation vector of budget 4 or the addi-
tion ¢f a +training allocation in category A to the alloca-
tion vectcr of budget 6. (i.e., The vector (1,0,1) for budget
equal to four becomes (1,0,2) for a penalty of -94.)

CGnce the optimal allocation of <the budget is
detersined, the distributicn plan generated as discussed in
the previous section and listed in Table VI designates the
epecific duty positicns for each type of training. The
application of this algorithm to CHNP 11 and CNF 13 will be
discussed further in the next chapter.
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C. TBE AGGREGATE MODEL

The forecasting and optimization models when 1linked
together form the aggregate model which meets the goals
estaklishked in Chapter 2. There are two bonds that exist
tetveen the models. The first conmnection is an output-input
linkage Letween the forecasting and optimization models.
The force vector N which is generated by the forecasting
model is an integral part c¢f the quadratic objective func-
tion within the cptizization model. The individual
components 1 of <the force vector as defined -earlier
represent theqnulher of soldiers in duty position gq at the
end of tte fiscal year. The subscript q refers to a duty
position specified by M0S i, SL J, and SQI k. The ccrre~
spondence Letveen subscript g of the forecasting =model ard
the subscripts i, J, k, of the optimization model is seen in
Figures 2.7 and 2.8 cf section A.1. This definition is the
sane for the force level variable N of the optimization
sodel. The correlaticn between duty position, M0S, SL, and
SQY as discussed in Chapter 1 leads to the following rela-
tionshir Lte*veen the tvo models:

nq = uijk . (egqn 2.6)

Hence, the force vector N is the output-input link which is
generated Ly the fcrecast mcdel and subsequently is the
input to the optimization acdel.

The second connection is also of the output-input type.
The ofptismal value of the decision variable xi is essential
in generating the recruitment vector R of the forecast

model. The quantity (Bk.xijk) represents *he nusber cf
soldiers with MOS 4 and SL™ § who nmust complete SQI k

training. The individual components r of the recruitament
vector represent the number of soldiersqwho must enter into
duty pesiticn g at the end of the fiscal year. Since the

completicn of SQI training is a prerequisite for entrance
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5? into any airborne sutcommunity, r is equivalent <o the
éf nruabexr of scldiers in a particular gos and SL who complete a
specific type of SCI training during the €fiscal year.
Because cf the correlation between duty position, MOS, SL,
o and SCI, the following relationship results:

,fi ] :q = hk.xijk (egqn 2.7)
A This relationship between X and R is the secord output-input
%} link tetveen the optimizaticn and forecasting model.

,ﬁ The process of tle aggregate model is cyclic. A grath-
i ical representation of this process is shown in Pigure 2.16.
. Isplementaticn c¢f the aggregate model begins by
! cbtaining the number c¢f promotions within and attritiors out
f¢; cf the airtcrne coamunity frca historical data. Also, the
&’ authcrizations and current force 1levels pertaining tc the

initial fiscal year t msust be obtained.

“§ Once the above data has been obtained, the process will
4 continue with the determinaticn of the recruitment vector R
2% ty the optinization scdel. The recruitment vector is then
... vsed in the forecasting model above to generate the force
;& vector § for the next fiscal year t+1. Subsequently, the
gﬁ force vactor § for fiscal year <+¢+41 is used in the cptimiza-
¥ tion model as part of the objective function tc generate the
; recruitment vector R for the next PY te¢1, If the forecast
;Q pertains to multiple years, then the process is repeated
ﬁ} tntil the multi-year forecast is completed. The execution
A of the aggreqate model and its application to both CMF's 11

and 13 will be discussed in the following chapter.
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THE AGGREGATE MODEL

CALCULATION OF

PARAMETERS
‘ FOR BOTH
SUBMADELS

N(t) & P-Matrix
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R-Vector
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FORECAST MODEL
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Pigure 2.16 Aggregate
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3%
5 IIT. EXECUIION OF THE HODEL !
N
§ In this chapter, the data required to estimate the
i . paraseters for the optimization and forecasting models will
o te discussed. The fparaseters of both models will be calcu-
»N lated frce empirical data of fiscal year 1983. The results
72 generated ky the aggregate model which are applicable to CMF

;i
éS% 11 and CMF 13 and pertain to the subsequent fiscal years
vill te discussed at the end of this chapter.

A. DISCUSSION OF DATA

1. Ibe Oetimization Model

%3% There are four parameters which must be calculated
321 ' tefore tike model can be run. The first two parameters are
%3‘ the cocurse completion rate b and the training cost ¢t for
y - for each of the three SQI's wvhich affect the operatgcn of
Egg the cptisizaticn model. The cther tvo parameters are the
iﬁ% ; cverall training budget B and the school capacity L for
‘%ﬁ each cf the three S(CI's. They are considered given and

pon-negotiakle. Houever, to operate the optimization model
for only CHPF 11 and CEF 13, an estimated percentage of the
last tvo parameters affected by the respective CHF's needs
to be deternmined. If all CHF's were considered in the cper-
ation of the optimization model then the budget and <the
NN school capacity would be the amounts originally stated.

a. Course Ccspleticn Rate

B The course completion rates b , (k = p,Vv,S) for
' the three types cf SCI training conducted during PY 83 were
calculated by the Army Training Requirements and Rescurce
Systen (AITRS). These rates are listed in Table IX.
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TABLE I1X
Course Completion Rates (PY83)

QI Training Course Completion Rate
P-parachutist . 81
V-tanggr . 64
S-special forces «55

k. Cost of Training

The trairing costs ¢t ,(k = P,V,S), for the three
types of SCI are calculated by usiag Equation 2.S. The
critical step in calculating the training cost ¢tk is to
calculate the percentage of soldiers who go to follcw-on
"Jump" assignments ugpcn comtletion of the SQI training. The
empirical data used to calculate this percentage, PCTk.
(k=P,¥,S) for the three type of SQI's is listed in Tables X,
I, III. Using BEquation 2.4 in Section B.3 of Chapter 2,
the ccrrespcnding percentages are listad in Table XII.

Two additional items are needed to calculate the
training cost ¢t for each type of SQI. The first item is
the individual hazardcus duty pay prorated to the duration
of <training. The following hazardous duty pays Ck'
(k=P,V,S) fcr the three type of SQI's are:

$63.75 (3 veeks ? $85.00 per month)
$170.00 (8 veeks @ $85.00 per month)
$255.00 (12 veeks @ $85.00 per month).

O 0O 60
[ I T ]

The second item needed is the yearly manning cost a which
represents the hazardous duty pay given to a soldier on
"Junp® status during the fiscal year. This cost is $1020.
With the course completion rates listed in Table IX, the
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TABLE XI
SQI V (PY 83)

- INVENTORY INVENTOBY "Jynpe TOT AL
PoggSEDl %%%8%1 : ¥/0 POOL W/POOL SHORTAGE -+ SHORTAGE

1B30Y 116 12 (Y] - P
}132 v 1%% 284 553 315 - -
113309 220¢ 440 200 %93 20 mn7
11840V 83( 166 127 07 - -
11850V 3% 64 46 126 - --
11C10Y 0 15 17 - S
1 1C§0' 6 1% 17 19 - .-
11C30V 6 1 8 15 - -
%§$%§¥ o8 |
18 3 15 22 3 14

} Pi ; 8 16 5 8 3 8
13P8 0V 2 4 4 9 s ==
TOTAL 26 169

noTh PheETUEES $0REBLREE LMD Mo RS EAACHY B .

training costs tk' (k=P,V,S) can now be calculated ty using
Equation 2.5 of Section B.3 in Chapter 2 and are listed in
Table XIV.

C. Training EBudget

The training budget of the airborne community
for FY 83 was 2,800 man-years. This is converted into
tudget dcllars by aultiplying each man-year by the manning
cost. Tite total budget to £ill the shortages for all 4duty
positions is $2,856,C00. However, CMP 11 and CHNF 13 are
only a pertion of all the duty positions which encompass the
airborne community. Since training allocations will be nmade
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TABLE XII
SQI S (PrY 83)

HORI- INVERTORY INV R "Jynpn Q

pogg;iu éﬁlOl /0 POOL '/g(.)glo. t SHO RTEGE sgog%{'cx

11810s 6f 1 159 -- =

1 1!283 7 1% 32 ! gg - --

e wmimy ¥ @ 5 9

1 1BS§S 483¢ 96 4

31 S O S gZ =

1 16383 14 23 69 74 - -

11C40S 184 ( 288 81 92 63 196

TOTAL 288 1049

BOTE: The tigntos 5n°p§§=ggao

ncludé the zgig are ¢he authorizations which

L4
OOL FACTOR described in Chapter 1,

to thcse duty positicns authorized in FY 84, <the percentage
cf authorized duty pcstions which CMF 11 and CHMP 13 comprise
with respect to the tctal airborne coamunity will be used to
estimate that portion B of the total budget which is allo-
cated for training scldiers from the +two CMP's in thke *hree
SQI's. The total rusbers of authorizations in CHMF 11 and
CHP 13 are 18,544 and 2,882, respectively, while the total
number of authorizations in the airborne coammunity is
51,582. Therefore, the portion of the budget is:

B s [ (18544 + 2882),/ 51582] e 2856000
= (.415) e 2856000 = $1,185,600.
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TABLE XIII
Calculation of PCT

PC'IE = 400/4411 = ,091
PCIv = 26/ 169 = .154
= .275

PCIS = 288/1049

wkere k=P-Parachutist,v-Raager,S-Special Porces.

TABLE XIV
Calculation of Training Costs

= 1/2(([ 63.75+(10200.091) Je.8N + 63.75) = § 95.29
t. = 1/2(([170.004(1020+.154) Jo.64) +170.00} = $189.67
t = 1/2(([255.00+(10205.275) Jo.55) +255.00} = $274.64

d. School Capacity

The same situation exists for the school capaci-
ties Ik' (k=P,V,S) for the three typa of SQI's. The same
Fercentage cf authorizations pertaining to the two CMF's can
te ne¢d to estimate that portion of each school capacity
which will be allocated to train soldiers from CMF 11 and
CNP 13. The overall capacities for FY 84 are:

A
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SQI E 20,000 (50 classes/year @ 400 per class)

SQI V 1,000 (5 classes/year @ 200 per class) :

SQI F : 1,200 (12 classes/year @ 100 per class). !

Therefore, <+he fporticn of each school capacity used by the
optisization model is:

1 =(.415] « 20000 = 8300 i

I = {.415] ¢« 1000 = 415 {

ls = [(.415]) ¢« 1200 = 498.

2. JIle Forecastipg Model
a. Stock Data

The data required for the execution of the fore-
casting sodel is divided into two categories: 1) stcck data
and 2) flcw data. Plcw data will be discussed in the next
subsecticn. Stock data is denoted as n (t) which refers to
the nuster c¢f soldiers in a specific duty position i at a
particular time t. The aggregation of these duty positions
ni. i=1,2,...k is the stock vector N(t). This is mathemati-
cally exgressed for k duty fositions as:

!(t’ = (n1'n2'o.¢ni'oo onk).

Within the scope of this thesis, <the total number of duty
positions k is 73.

The stock data required for the execution of the
forecast model is:

1) the authorized number of soldiers in each duty position
2) the current numkter of soldiers in each duty position

The ¢twc ¢types of stock data are obtained from sources
described in the previcus chagters.

Authorizations were extracted from the PERSACS
docusent éated 13 Octcber 1983. The authorizations for CHMF
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11 and CEF 13 by SQI are listed in Tables X, XI, XII, and
reflect the authorizations for FY 84, The authorizaticas
for FY €5 and PY 86 are listed by CMP in Tables XXVII and
IXVIII.

The current inventory by duty position for FY 83
which pertain to CMP 11 and CMF 13 was provided by
MILPERCEN. This data was extracted from the Enlisted Master
File (EMF) dated September 1983 and is 1listed by SQI in
Tables X, XI, IXIXI, for CMF 11 and CNMF 13. There are two
inventery cclumans listed:

1) the current inventory excluding the manpower pool
vhich was discussed in Chapter 1.

2) tke current inventory with the manpowver pool
included. The first category are only "juap" posi-
tions. 411 duty vpositions of this type which are
listed under the SQI *'P*' are all "jump" assignments at
Ft. Bragg, MNorth Carolina.

Tvo empirical Adistributions which will be used
to estisate other data are: 1)the relative frequency of each
type of SQI within each MOS-SL coambination, and 2) the rela-
tive frequency of each type of SL within each NOS. The
first set cf frequencies is listed in Table XV and repre-
sents the proportion c¢f soldiers present in each type of SQI
for a particular MOS-SL coambination of both - CMF 11 and CNF
13. The second set of relative frequencies is 1listed in
Table XVI and represent the proportion of soldiers present
in each type of SL for a particular MOS in CMF 11 and CHNF
13. Theése distributions will primarily be used in esti-
mating the attrition rates.

E. PFlow data

The second ¢type ¢f data required by <+he fore-
casting sodel is flow data which is denoted as nij(t.t+1)
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A TABLE XVI
'.;:‘;;: Relative Frequency for SL ‘
b |
17 %
. |

vy
P |
thaly sos sl stL2 SL3 SLa SLS
118 .523 .16 .13 .709  .038
it B oM oo o

13 081 :ggg 8] 944 o
O E ogm o =
. ¢ B0 2288 i1 03 -
‘-'.d 1 498 j8g 49 -s00 o
2 ggg +436 -119 <229 156 -——
EL bt indndd 1.
‘:":’:" 13% - - -——- -——- 1

132 ——— —- - -—- 1.0
*;E% and represents the rumber c¢f soldiers moving betwueen duty
_f{?;.&; fositions i and J during the interval ¢ to t+1. For
o brevity, the notation presented by Bartholomew [Ref. 8] will
¥ te used wtere ni (t) is equivalent to ni (t,t+1 .
\"' The gypes of flow data requlred for the execu-
Bg tion cf tte forecastirg model are:
435
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ﬂ. 1) tk¢ numbers cf soldiers moving among 2all duty rposi-
;‘ tions during the fiscal year.

) 2) thke numbers c¢f soldiers separating froam the U.S. Aray
'§ . froa all duty positions during the fiscal year.

‘{ 3) tk¢ numbers <cf soldiers terminating +their SQI, and
%i thus, scving out of the airborne community from all duty

positions during the fiscal year.
p.¥4 4) the numbers of soldiers who enter the airborne ccm-

_E sunity by completing SQI training during the fiscal
*g_f year.
- The first type of flcv data is used in estimating the tran-
}f sition and staying rates. The second and third <types of
i% flov data are used in estismating the attrition rates while
i the fcurth type of flov data is generated by the optimiza-
- tion wmodel.
; There are many techniques with which to estimate
Qg the transition and staying rates pi R In the forecasting
2 model, tre flow data !i (t) and the szock data n_ (t) will be
N used. The individual gransition rate p denotes the frac-
o tional flcw rate at which scldiers froa égty positior i move
§§ ) to ancther duty position § during the fiscal year {Ref. 9].
K The estisate of pij is defined as:
;; Fij = nij(t)/ni‘t) i,9= 1,2,c0. & (eqn 3.1)

If the flow and the stock data pertaining to the estimator
re availadble fcr several time periods for which the

P a
i
razos do not differ significantly then the estimate of pij

can be mathesatically expressed as:




. .a‘ P iAo et I e i e St St S bt S St I Ah A A" AL A A i A S A S AP A A A DA
S TABLE XVII
3 Arasy-vide Promotion Rates (PY 83)
4"
ha W)
N SL 1 to SL 2 .168
N Sy g to SL 3 .1%8
SR SL 3 to SL & <126
. SL 4 to SL S .086
SL 5 to 002 <072
Note: The category of oo is a single category wvwhose
yg adeggsyz- skill le vel i eq but organ-
onally her n the formal rank stfuc-
ture, 0lotion 0 this categorx will attrite
the sold er from CMF 11 and C

t

% 2 "y

X ? P = -3. ...... i,9 = 1,2

B e ¢&goce
13 % By .

vhere the summations are over all the T values for which
both stocks and flows are available.

In this situaticn, the transition ra%*es in both
satrices listed in Figures 2.7 and 2.8 in Section A.1 of
Chapter 2 ar¢ mostly zeroces except for:

1) promotion rates p 161 which 1lie above the main
diagcnal and vhose values are listed in Table XVII. The
flow data vas unavailable and the Aray-wvide rates vere
used as the estisates of pi 1o

2) staying rates which’ lie along the main diagonal.
Althcugh 1o data vas available to estimate these rates,
the identity

}E P + 'i = 1 i, = 1,2,3...k (egqn 3.2)

‘i" can te applied to compute these rates once the promotion
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Tates p, o the attrition rates v and thke other pro-
soticn Tates discussed below are deteramined.

3) prcmotion rvates wvhich pertain to <the promcticn of
scldiers fros SL 4 to SL S in MOS*s 11C, 11H, 13B, 13C,
138, 13F, 93P, 17C, 17B and the promotion of soldiers
from SI1 3 to SL 4 in MOS 13R. These off-diagonal ele-
ments are the result of the career progression pattern
listed in Pigures 1.1 and 1.2 of Section A.4 of Chapter
1 which pertain tc CMF 11 and CMF 13, respectively. For
exanrle, p in Pigure 2.7 is the promotion rate of
scldiers in dﬁty position 22(11C40V) ¢to duty position 18
(11B50V). ©Note that once a soldier with MOS 11C in SL &
is prcmoted bhis MCS beccmes 11B as illustratsed in Pigure
1.1,

The sane rrocedure in estimating the transition
rates can be applied %o the estimation c¢f the attrition rate
L Tte¢ number of scldiers 1leaving the airborne comaunity
froa duty pcsition i during the fiscal year t is denoted as

(t) vhere¢ the category k+1 represects a "holding"
ciigséry outside the airborne community [Ref. 10]. The
estimate cf the attrition rate "i is defined as:

i the number cf soldiers in,dutI position i
at the beginning of the fiscal year t

and can be mathematically expressed as:

'i = ni,k¢1‘t,/ni(t' i, = 1,2,..k . (eqn 3.3)

In this scdel, attrition is made up of soldiers
who separate from military service and soldiers who "termi-
nate"” their SQI therelky leaving the airborne community.
Therefore, ni,k+1(t) is equal to the sum of the above two
quantities.
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The separation data provided by MILPERCEN was
extracted from the MOSPILE: Airborne Losses dated 11 OQctober
1983 and are categorized by MOS and SL only and are listed
in Table IVIII. In crder to obtain the nuamber of soldiers
vho separated frcm rwrilitary service by duty positicn, the
relative frequencies of the SQI's 1listed in Table IXIV are
applied tc each MOS-SL combination. This results in separa-
tions Lty duty rpositions as 1listed in Table XVIII. The
underlying assumption in applying this frequency distribu-
tior 1is that all soldiers of a particular MOS-SL coambination
vho separate from the U.S. Army are distributed among the
three SQI's in the same proportions as soldiers of that same
MOS-SL ccatinaticn are distributed in the entire airtorne
comaunity.

The termipation data provided by MILPERCEN
reflected only the number of soldiers of each MOS assigned
to units at Port Bragg, North Carolina who terminated their
SQI during FY 83. In order to estimate the number of
soldiers of each duty positicn who terminated <their SQI's
during PY 83, three assumptions are made:

1) scldiers of a specific MOS in the entire airtorne
ccamunity terminpate their SQI's at the same rate as
scldiers of the same MOS who are assigned to Pt. Bragg.
2) scldiers terminating their SQI's in each MOS are dis-
trituted among tte five SL in the same proportions as
scldiers in the entire airborne community.

3) scldiers withir each MOS-SL combination who terminate
their SCI's are distributed among the three SQI's in
the =ame ¢[proportions as soldiers of the same MOS-SL
ccatination within the entire airborne community.

Por soldiers located at Pt. Bragg, within each
M0S, the termination rate pertaining to CMF 11 ard CHNF 13
are listed in Table XIX and are used as estimators of the
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; TABLE XIX
” Pt. Bragg Tersinpation Rates (PY 8)3)
g
‘é »
I
e
o
;3 o MHHE Hth TR
X e 32 $3%3 %
X 18 as 779 =056
N S B
Y i3F 1 5 Zg7u
i it g 3 1880
§¢ 1;5 1 2 %81
3 L g i it
X% 137 0 2 1000
'y 139 0 23 032
132 0 3 - 000
R
§'
¥
o
8
;Q terninaticn rates fcr the entire airborne community. The
Sﬁ number of soldiers who terminate within a particular HOS

iy during ¢the fiscal year from the airtorne community were
calculated using the estismated termination rates and are
listed in Table IX.

With the nusber of soldiers wvho terminated
within each M0S of the airborne coamunity determined, a SL
distribution of =0ldiers from each MOS can be applied based
Ny upon the second assuaption to estimate <the number of
soldiers Lty SL who terminated during the fiscal year. These
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TABLE XIX
Terminations by HOS (PY 83)

L2 RS

TION INVENTORY -
¥/ Bo0L TERAIN

TR B S

| sos TRl PooL” irions’

118 «036 12 857
R i %z
] (.: <038 1 §; 38
13: . ag 151 2
A 1 2

. 2 0
171¢C «091 63 6
I i :

- 19 0
8 « 113 109 12
%3? 438 d :
133 <00 5 0

values vere generated using the relative frequency distriku-
tion and are listed in Table XXI.
— The third assuaption allows the application of
4 the relative frequency distribution for the three SQI's
; listed in Table XV. As a result, the number of soldiers by
sg duty position vho terminated <+their SQI during the fiscal
v year are listed in Table XXII.

The sum of the two numbers of separations namely

namber of attritions listed in Table XVIII and the number of
terminations of jump status listed in Table XXII result in
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e TABLE XXI
?‘-‘ Tersinations by HOS and SL (PY 83)
™
os BB 2 sz s oseoms
bR, Ny a1 23 67 61 59 40
11 N
i3 § 43 0 0 0 -
P 138 3 1 1 0 -
§ 139 28 1" 6 4 -
K 1 S S T R
178 H ‘ 0 ] 1 1 -
,§ 138 0 0 0 0 .- --
- SR S R B S
| 13 4 i = et :: g
o,
i
i
?1
ﬁ L 3
Py
"?;,1;
the numbeér of scldiers in each duty position who attrited
from the airborne cosaunity during tha fiscal year. This is
- denoted as n . (t) and is 1listed in Table XXIII. The
X-i estimats of W' of the attrition rates for CMP 11 and CHNP 13
3 can te calculated according to Equation 3.3 above and are
; listed in Tables XXIV and XXV, respectively.
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TABLE IXIXIII
Attrition fros the Airborne Community (FPY 83)
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B B. EIECUTICE OF THE HODEL

1. getisization for R(83)

The numbers ¢f soldiers determined to enter into

each tyre cf SQI trairing by duty position are listed under

e coluans 'X1*' and *X2*' of Table XXVI for CHMF 11 and CHMF 13,
% respectively. These nuabers under column *X1* and 'X2' are
the sclutions, X o ¢f the optimization model. These solu-
tions were comrdted using the PORTRAN computer program
RECHOD (Ref. 11]. As explained in the previous chapter, the

nuabers B (€4 and R_(84) of soldiers who complete each type

AR

DI
e
l-

N
g% of SQI training and enter into the airborne community in CNMF
{%, 11 and CEF 13, respectively, can be computed by Equaticn 2.7
B in secticn C of Chagter 1. As a result, the number of
a? soldiers who enter into the airborne coamunity are also

3} listed in Table XXVI under cclumns n1(8u) and Rz(eu). The
gf recruitment vector PR (84) vhich represents the number of
- soldiers wvho enter into the airborne community in FY 84 can
3% i ke exgressed as the catenation of the two recruitment
vectors §1(8u) and 32(813):

K0S

bk B(84) = (B (84), B (84))

i 2. Fozscast H(8Y4)

ﬁﬁ As described in the previous chapter, two transition
» matrices vere generated for CMF 11 and CHNF 13. In Pigures
» 3.1 and 3.2, the transition matrices with the coaputed tran-

<! siticn [protabilities P, fcr each CMF are shown. By
applying Equation 2.1 of gection A.1 of Chapter 2, the

rredicted force 1level vectors §1(8a) and N (84) <can be
detersined for CMF 11 and CHMF 13, respsctively, and are
listed in Tables XXVII and XXVIIY. Note that the individual

. elenents cf both force vectors 31 and !2 are listed by duty

85
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Training Requirements and Recruitment (1988&)
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Becruitament (CHF 11)
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positicn under ccluan N, in both tables. The force level
vectors were calculated using a revised version of the of
the computer program for the Markov Chain Model developed by
Barthclczevw and Forbes (Ref. 12], available in the APL
language cn the NPS sainfrase (IBM 3033). The force level
vector N(E4) is an input into Equation 2.3 of Section B.1 in
Chapter 2, from vhich elements ai k are calculated and used
in the ortirization scdel in calcuiating the decision vari-
able X « From Equaticn 2.7 of Section C of Chapter 2, the
recruitiaent vector R(85) is determined.

3. [Ecrecastipg fcr N(8S5) apd N(86)

Ey using the predicted force 1level of PFY 84 and
assuming all costs and coapletion rates to remain the sasme
throughout the following year, the recruitsent vector R(85)
is deterained by the optimizaticn model. The recruiteent
vectcrs 31(85) and B_(85) are listed in Tables XXVII and
XXVIII, respectively. The predicted force level vectors
B _(85) and N _(85) vere generated by the forecasting mcdel
and their values are listed ia Tables XXVII and XXVIII,
respectively.

This procedure can be repeated to calculate the
recruitaent vectors B (86) ard R (86), and the force level
vectors ¥ (€6) and ¥ _(86). The values of these vectors are
also liste¢d in Tables XXVII and XXIVIII.

C. DISCUSSIOE OF RESULTS
1. Mpalysis of the Optimization Parametezs
a. Discussicn of the Eudget

The budget is a critical item in the optimiza-
tion model as it provides the ccnstraint for which the
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}}; penalty func*ion aust be minimized. Por example, when the
Ti? tudget is less than $224,200, the training allocations are
[ made to parachutist training only. Above that dollar value,
'&S the allocations are made between the parachutist and special
;: forces training until the budget of $596,864 is reached.
x . Above that amount allocations are made among all three tyres
3% cf SQI training.

ﬁ% To detersine the nuamber of allocations made to
éﬁ‘ each SQI category, the computer program RECMOD FORTRAN
PN (Ref. 13) vas used. The efficiency of this algorithm is
i questionatle for 1large budget values and a heuristic
i:i approach can be used to solve the problem. Assuming that
;gj the return functions R (B ) are continuous <the slope, which
By is the rate of change per dollar, of each function is
e defined as:

33% S =N /¢ k=1,2,3

g | X k x e

A

vhere sk represents the slope as the rate of change per

dollar of the return function of the kth SQI
uk represents the marginal decrease in the kth SQI

tk represents the total ccst of training one soldier

in the kth SCI.

! lLagrange sultiplier aralysis shows that an optimal answver

— must cccur vhere S_=S =S _. A search for S can be conducted
P from an initial value of the slope. A bracketing sequence
fgﬂ is applied <¢to find the optimal slope where the budget and
ﬂﬂ training allocations are within an acceptable error.

fﬁi Por exastle, vhen a budget B=$450,0C0 is

desired, the optimal allocation vector is
(P,V,S)=(3631,0,382) as generated by the computer program.
The beuristic agpproach begins by arbitrarily selecting an
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initial slocpe (S = 5.0) and determining the corresponding
allocation for each SCI and the associated cost. The ccst
is then ccarared to the given budget. If they are equal,
the allocation is optimal. If not, a nev value of the slcpe
is considered and the process is repeated. The search for
the optimal slope ccncludes with S = -6.44 and the alloca-
tion vecter is (P,V,S)=(3637,0,380). The budget corre-
sponding to this allccation is $450,015. It is worth ncting
that the allocation vector is the optimal solution for the
corresponding budget $450,015. However, since the true
penalty functions are discrete, the slopes are not contin-
uwous functionms. Since no values of the slope exist between
discrete values, a slope value is approximated by the rate
of change per dollar ¢f the nearest discrete value. Hence,
the method is not guaranteed to be optimal. In Table XXIX,
a comparison of the two allocation vectors is shown. The
error of the heuristic approach for this problem is 0.5236
percent. This heuristic approach will be used for further
analysis ¢f the budget.

TABLE XIXIIX
Coaputer vs Heuristic Nethod

SQI Ccaputer Results Hetristic Results Error (%)

B 3631 3637 0. 1652

v 0 0 0.0
S 382 380 0.5236

The rudget used for these calculations was $450,000.

In Pigure 3.3, the numbers of allocations in
each category are plctted against different budget levels.
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b Note that for a budget of $400,000 to $500,000, ‘the number
A cf allocaticns in SCI *P* range from 3525 to 3705. It is
‘ within this budget range that the number of training alloca-
tions <remain almost constant in parachutist <+trainirg.
Within this range, training allocations to SQI 'P' vary only
5.106 percent.

Also, ¢ttke numbers of allocations in SQI 's*' for

2N a budget ranging between $446,600 and $452,310, are 370 to
ﬁ% 388. Within this range, the training allocations to SQI °'S*
e have a variation of 4.9 percent.

i Within bcth budget intervals mentioned akove, no
$§ training allocations to SQI 'Y' are made. The smaller
:gg budget interval of $uU6,600 to $452,310 is where the
X heuristic method prcvides an allocation which would tLe no
e more than 4.9 percent in error. Purther, it is within this
”§ range that a change in the Lkudget will not appreciably alter
§i the existirg, optimal allocation of training slots.

b. Training Cost

An analysis of the training costs was conducted
ty using a tudget of $450,000 and the current course comple-
g tion rates listed 4in Table IX. The training cost of each
| SQI was varied by $20% from its FY83 costs listed in Table
XIV. Theé result of varying cnly the training cost for SQI
'P* is shcwn as the graph on the lef: of Pigure 3.4, vwhere
the resulting change in each SQI allocation can be seen. 1In
Table XXX, the change in the training allocations in any SQI

| SHTXRRAK

X with a ccrresponding change in the +“raining cost of SQI 'P!
*; is listed. Note that the npumbers within the parentheses
_Q reflect tke percent of change from the FY83 training cost of
- $95.26. 1A ten percent error in estimating the cost of para-
f} chutist training will pot affect the allocations to SQI *P°*

X significantly. Hovever, it will result in a thirty percent
st change in the allocations to SQI 'S°*. As the cost of
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s TABLE IXX

v Change in Training Allocations vs Trainimg Cost of SQI
o,

P fraining Cost Change in rrainins Allocations
. . fer 581 P SQI P SQI SQI S

- 1 130(3.58 35(100 207(54.19
gﬁ@ €8 2{3:38 3488 #8143¢:33
13, 163° 42(1.16) 0(0) 166 (30.37
i 1 115’“.35; 0 0; 198{51.83;
$3.1

training a soldier in SQI *PB' decreases, nmore of the budget
is availaktle for other types cf training. As a result, the
training allocations made ¢to0 all three SQI's increase.
Conversely, the allccations pade to the SQI's decrease as
the cost for training a soldier in SQI °'P*' increases.
The graph in “he npiddle of Figure 3.4 shows the
* trairning allocations sade tc each type of SQI while varying
the cost of ranger training. The following changes in each
SQI allccation occurs with a change in the training cost of

; TABLE IIXXI

5 Chenge in Training Mlocations vs Training Cost of SQI
e

SR ing C Ch

9'3 Trggg gal gst gagepin Tra%g}ng Alloga%igns
B 150 1(.028 15 (100 7(1.832
17 oor Bl 0fei®?
: * 0(0 0 0

1 T T I T
e




SQY °*V* and is 1listed in Table IXIXXI. The numkers in
parentheses are the percent of change fros the PY83 training
cost cf $189.67, Notice that a ter percent error in esti-
sating the cost of <training a soldier in SQI *V' has no
effect cn tte training allocations.

The graph on the right of Pigure 3.4 shows the
training allocations sade tc each type of SQI training while
varying cnly the ccst of special forces training. The
following changes in the <training allocations within each
SQI results with the correspcnding change in +he training

TABLR IXIXIII
Change in Training lllocatéons vs Training Cost of SQI

Ir%ininaICost change in rraining Allocations
.20 S&E S Sl p ser t SQI_S

i . i B
198 033 3 8313153

cost of SCI 'S’ and is 1listed in Table XXXII. The nusbers
in parentheses are tie changes in percent of the training
allocations from the PFY83 cost of $274.64. 4 ten percent
error in estimating the cost of special forces training dces
not appreciably affect the allocations to the SQI's of *'p!
and 've, But, the ten percent error may lead to as much as
an eleven percent change in the the training allocations to

SQI *'se.

----------
.



Overall, changes in the training costs affect
one SQI category. The magnitude of its impact on the allo-
caticns is dependent cn the distribution of shortages by SQI
within the airborne community. 1In this case, the higher the
cost of a particular type of training the more effect it has
cn its cwn category when any of the costs of training are
changed.

c. Course Ccmpleticn Bate

An analysis of the course coampletion rates was
conducted using a budget of $450,000 and the PY83 costs of
training listed in Talble XIV. Bach course coapletion rate
was varied to observe the change in the training allccaticms
within each SQI. The result of varying the course comple-
tion rate for parachutist training is showvn as the grarh on
the left ¢f Pigure 3.5 and the changes within each SQI are
listed in Table IXXXIII. The numbers in parentheses repre-
sent the percent of change in the allocations within each
SQX frca the PY83 course completion rate of 0.81.
Onderestisating the course coapletion rate does not alter
the <training allocations significantly. For a ccurse
completicn rate within the range of 0.81 to 0.3, the largest
percentage error is 7.97%.

The changes in allocations resulting from the
variation of the course coapletion rate for ranger training
are listed by SQI in Table IXIXIV. The numbers in paren-
theses are the percent of change in the training allccaticms
for each SQI from ttre PY83 ccurse completion rate of (0.64.
The graph in the =aiddle of Pigure 3.5 shows <the training
allocaticns as only the course coampletion rate varies. The
course ccepletion rate for ranger training has little effect
upon the training allocations of all three SQI's.

The changes in <+training allocations resulting
froa the variaticn of the course completion rate for special

99
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TABLE IXXIIII

y Change in Training llloga}igns vs Completion Rate of
%i Cen lotion Rate Change in Trainin lllocations
Y $or 301 ¢ SQ1°® saf v Sof s

* 1 136 (3.75) (0) u7(12.30)
5 3 35 1.52 19 (4. 974
: et B . i
Kl 8:% ad1i2.1 318 140 {%2682
e
f TABLE IXXIV

Change im Traiaiag llloga}igns vs Completion Rate of

Ccagletion Rate Chanqo in Training Allocations
5c5 IV A v SQI S
.9 0826' 800) g 8.832)

1y ‘ ; 333
: ‘ 318 gy 848

N
1

forces training are shown as the graph on ¢the right of
Pigure 3.5 and are listed by SQI in Table XXXV, In this
case, overestimating the course completion rate for special
forces training has little effect on the training alloca-
o tions in any SQI vhile underestimating that rate can signif-
?é icantly alter the training allocations in all three SQI's.
&f This phencsenon occurs because a low course coapletion rate
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TABLE XXIV
Change in Training llloga}igns vs Completion Rate of

c:-ilotion Rate Change in Training Allocations

e NI S SQI'P SQI V SQI S
0.7 26 (. 7160 0(0 9(2.356
0.gs 26{.7160 fo! 9(2.356
8Zu 68(1.763 16 (100) 32(8.377
8.3 11“{3.1“0} 56 100i 1u§1 . 7}
| 379(10.44 136 {100) 215 (56.28

allows tke school capacity ccnstraint to be the binding one.
The lcw course completion rate requires mo-e soldiers ¢to
enter intc <training. This requirement can be met by the
tudget but the schocl is limited by the number of soldiers
it can train.

Overall, changes in the course completion rates
significantly affect the training allocations but are depen-
dent on the distribution of <the shortages within each SQI
relative to the overall shortage of the airborne comamunity.
In this situation, if the relative frequency of the short-
ages vwithin the airbcrne ccamunity is small then increases
in the ccurse completion zrate result 4in increases in the
allocaticrs among all SQI's with little or no effect. If
the relative frequency of the shortages is large <then any
change in the course coampleticn rate results in significant
changes cf allocations within all SQI's. The course cosple-
tion rates are not trighly sensitive as they can vary, in
every instance, by at least 10 percent before an appreciable
difference (greater than 4%) in the training allocations
occur.,
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2. Diacussicn of Torecasting Raramseters

The forecasting paraseters are the individual
elesents ., and v, of the transition matrix and the attri-
tion wector, respectively. These paraseters are highly
sensitive ard together alter the values of the force level
vector J(t). This section discusses hov promotion, attri-
tion, and retention gclicies are incorporated into the fore-
cast sodel as changes in the rparameters p, and v, . The
discussion assumes that an initial transi!ion matrix and
force level vector have been generated.

a. Promoticn Policy

Changes in the promotion policy can apply tc a

specific MOS and,or €1. Also, a change in the force level

vector can be deterained as the proaotion rate pertaining to
8 specific duty rposition is changed. For exaample, <the FY84
proaotion policy may be changed to insure that soldiers in
duty position 11B4OF are promoted at the rate of (0.250
instead cf the previcus rate cf 0.086. The previous attri-
tion rate of 0.058 is left unchanged vhile and the staying
rate c¢f 0.856 is changed tc 0.692. The rest of the tran-
sition matrix is not altered. The resulting new force level
vector J (85) is the same as in Table IXXIX except the
puabers }o: duty positions 11B4OP and 11B50P are 699 and
609, zespectively. This policy change resulted in 133 fewer
s0ldiers in AQuty position 11B40P and 123 more soldiers in
duty position 11B50P. 1In this manner an appropriate proso-
tion rate may be found that will have the desired increase
or decrease in the rumber c¢f soldiers c¢f a particular duty
position. However, as the example demonstrates, acccapa-
nying changes in tte number o¢f soldiers of another Jduty
position say also result.
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If the decision is made to promote a specific SL
at a particular rate then the effect on the inventory of the
airborne ccmmunity say be determined by the forecasting
nodel. for example, if there exists a shortage of soldiers
in SL 2 and one vwvants to exrlore the effect of promoting
sore so0ldiers into that skill level, <then for every MOS and
SQXI, the rrcmotion rate to SL 2 in the transition matrix may
be changed. While keeping the attrition rate the same, the
s*aying rates are re-calculated using Equation 3.2 1in
Secticn A.2. The resulting newv force level vector, N(t), as
generated by the forecasting model will show the effects of
the nev promoticn policy to SL 2.

Similiarly, policies vwhich produce changes in
combinaticns of M0S, SL, and SQI may be incorporated into
the fcrecasting model in the same manner.

k. ltt:ition Policy

If the attrition rates are changed and the

‘fromoticn rates are teld fixed, a nev staying rate must be

detersined using ©Bguation 3.2 4in the same nmanner as
descriked atove. In this wvay, policy decisions affecting
attrition rates may bDe incorporated intoc the forecasting
sodel in the same manpner as those affecting promotion rates
were. Por example, if an estimate is wmade that a new
policy will result in a 20 percent attrition rate among
soldiers in duty position 11B10P from the airborne ccasunity
and the promotion rates to SL 2 remain the same as listed in
Table XVII, then a pev overall attrition rate of 0.632 say
be calculated using Eguation 3.2 for 11B10P soldiers. When
these nev rates are set agppropriately into the transition
matrix, the effects of the nev policy may be seer in the
tesulting nevw force level vector.
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Ce notintion Policy

Policy decisions of retention affecting duty
positions, NOS's, SL's, or SQI's, aay be incorporated into
the forecasting model in the sane manner as described above.

‘For exasple, if a nev policy is to be evaluated that is

thought to have the effect of retaining 80% of 11B10P
soldiers, <then <the staying rate of all soldiers in duty
gosition 11BWP 4is tc be changed to 0.80. Assuming the

promotion rates to resain the same as those listed in Table
XVII, the attrition rate of 0.032 may be calculated by

Bquation 3.2 of Section A.2. These new rates may then be
placed in the transition matrix and a new nev force level
vector say be cgenerated by the forecasting model. The
eoffects cf the nev retention policy on the future inventory
say thus te evaluated.
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Iv. JONBARX JVD CONCLUSIONS

During this transitional period in wvhich the Urited
- States Arsy continues its force modernization, new veapons
systeas introduced into the airborne comaunity are trans-
lated intc nev persconel and training requirements. The
model forsulated and discussed in this thesis can systemat-
ically scnitoer trends in shifting manpowver demands. Also,
this mcdel is a plancing aid for manpover decision-makers in
. ansvering "vhat if" guestions and providing timely predicted
cutcomes to alternate courses of action. It provides the
optimal distribution plan for each type of special training
upon which assiqnments can be based subject to budget and
school capacity constraints. This facet allows the model to
rotentially link dinventory forecasts with the distribution
of the manpower to the force.

A. SUBBANY

This <thesis forsulates a namethodology which forecasts
future fcrce levels ard deteraines the nusber of soldiers to
be trained as applied ¢to the CiF's 11 and 13 within the
airborne commnity. A aodel is formulated which consists of
tvo sub-godels. The first sub-model is a forecasting model
shich applies Barkov Theory to manpover planning while the
second sut-model is ap optisization =model wvhich employs the
strategy of dynasic programsing. The application of “heory
to both sub-podels is discussed during the forsulaticn of
the aggregate amodel. The aggregate model wvas constructed
and applied to CHP 11 and CHP 13, Bapirical data of PY83
sas used in the execution of the model. Prior to analyzing
the cutput of the model, data preparation is discussed. Arn
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analysis of <the output is conducted to observe model

phencsena.

Since the scope cf this thesis applies only to CHNF 11
£82 and CHF 13, a pcecrticr of the budget and the school capaci-
l{d ] ties is used in the execution of the aggregate model. In
f,ﬁ reality, neither the budget nor the school capacities are
TR divided amcng the CHF's. Therefore, conclusions derived
5 froa the results of the model are only applicable within the
Q; limited score of this thesis. No global conclusions can be
;%: sade ghout the parameters of this model. Nore study of the
b sodel is needed and areas for further research are listed in
i the final section of this chapter.

25 . CCECIUSIONS

¥ The methodology that is used in this thesis to solve the
§$ problen stated in Chapter 1 with respect to CHF's 11 and 13
;fa can be applied to the entire airborne coamuni‘+y. The fore-
i;i casting scdel employs the transition matrix for each CNP and
N . tinds thes together as described above. Whether the CHP's
?{s are 11 and 13, or all the CHMF's of the airborne ccamunity,
éb - the procedure of the forccasting model may remain unchanged.
%ﬁ Also, the optimizaticn model considers the allocation of the

tudget ascng the three SQI's and considers all HOS's and
L SL's within each SQI cf the airborne community separately in
y generating *he return function mentioned in Chapter 2. The
HOS*'s and SL's are categorized by SQI before the optiaiza-
— tion sodel is applied, regardless of the number of MOS's and
gl SL's.

r".

%é% The aggregate =cdel can be a reliable tool for a
{Q{ sanpcwer decision-maker. The model allows the forecasting
- of annual inventories of the airborne comaunity and provides

. discernable information pertaining to training requirements,
fromoticn rates, and attriticn rates. The aodel can be used
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to evaluate current pclicies pertaining to promotion, ateri-
tion, and retention. Also, it can show how good those roli-
cies are¢ in achieving desired force 1levels or else how
counter-productive these sase policies are. Further, it can
provide tisely feedback to the decision-maker abcut policies
vhich effect the parameters of the model and change the
inventori¢s vithin tte airbcrne comaunity.

The optimization model is robust in that changes in the
paraseters will not appreciably affect the optimal scluticn.
Bovever, there are irstances in which a change in a param-
eter can significantly alter the solution. Wher given new
tudget le¢vels, training costs, and course completion rates,
the cptisization model can provide timely <feedback to a
decision-maker in tke number of soldiers who should enter
and coaplete each type of special training and who will
subsequently enter into the airborne community.

C. BRECOEBENDATIONS

1. JMpplicatjon of the Model %o the Eptire Airtorne
Ssasunity

Tvo of the assumpticns on which the model wvas fcresu-~

lated are major in the application of this model to all the

BOS*s, SI's, and SCI's in the airborne coamunity. Both

assuspticns can lte relaxed so that the methodology discussed

in this thesis can be applied to any finite number of HNCS's,

SL's, and SQI's within the airborne coamunity. The two
assusfticns are that the CMF's are mutually exclusive and
that intra-coamunity amoveaments are negligible e.g. a

soldier in the rparachutist ccomunity conducting a PCS move
to the ranger community is a rare avent.

In regard to the first assumption, CHMP's are inter-
dependent as all soldiers, no satter in what CNP they begin,
can be promoted to the position of 00250. This position can
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) refer to any SQI and cnly soldiers in SL 5 can move to this
& position.
> To deal with this, 2 single egquation can ke stated
vhich lirks all CHP's together,

{ -
L)

o0 (t) = t=1 o (1-w ) + (t=1) e

-  RURS K ; g.‘j 3, ®,)

. . vhere j represents tte¢ positicn 00250

é i represents the duty positions from which

A prosction to C0Z50 can originate

2 pij represents the promcticn rate from duty

ir pesition i tc position j.

iy ‘
o Por example, in CHP 11 and CMP 13, the single equa- i
o tion linking the two CHMP's together is: '

B (t) =F (¢-1) e (1=v ) ¢ (n_(t-1) e p

o . t-1 + t-1

%) Bagt™M ° Prgy * Bp(t=1 Py

- -1 -1

‘ * R (N 0 Pegy * Neg (BN ° Py

s

3y + -1 a-'
:J n69‘t ) o 9691’ (eqn )
1

w

3 Por F185, the projected number of soldiers in the position
) 00250 at the beginning of the year is:

o } (8S) = ¥ (84) e(1-w ) + (448 0.072

=£ b 3 3

fy + 126 ©0.072 +550 ¢0.072 +43 «0.072
:r *4 ©0.072 +5 «0,072)

5 s !1(8“) '""3) + 85. (egn 4.2)
N

| Further, the number c¢f soldiers in position 00Z50 at the

beginning of the year vas 114, i.e. N (88) = 114, The
number whc left during FY83 was two ugilo the nuaber of
soldiers in that position at the beginning of PY83 was 113,

providing a rate of attriticn of vj = 2/113 = 0.017. Hence,

C ol it} "
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the nuater ot soldiers N (85) in position 00250 at the
beginning of PYES is prodlcted to be 197 by Equation 4.2.
The application ¢f an equation similar ¢o Equation 4.2 can
tie the forecasts for the entire airborne ccaaunity
together.

Tbe second assuapticn was that intra-ccamunity
transfers were negligible. This assumption doss not detract
from the cperation of the model but restricts <the model in
accounting for those soldiers vho move among subccasunities
during tke¢ fiscal year. This restriction forces all short-
ages to te filled by newly trained personnel. One alterna-
tive 1is tc estimate the intra-community PCS rates from
enpirical data in the same sanner as promotion and attrition
rates vere estimated. Another alternative is to deteraine
from enpirical data all scldiers wvho are qualified ¢to
conduct an intra-PCS move and estimate a percentace of the
eligitle 20ldiers whec will conduct an intra-pPCS move. For
example, a ranger-qualified soldier in a duty position
within the parachutist subccmmunity who is able to conduct a
FCS wmove to the ranger subcommunity without having ¢to
undergo ranger training is an "eligible" soldier. If the
total nuster of soldiers who are qualified in both SQI *'p*
and SCI *'V' in the parachutist subcommunity is known, ¢hen a
percentage reflecting <the nuaber of soldiers "eligible" to
conduct a PCS move may be used as the estimate of the prob-
ability that a soldijer movas from the parachutist to the
ranger sukccmmunity during the fiscal year. This technique
cf estimaticn requires that the number of soldiers qualified
in several SQI's in each SQI subcommunity be known at the
teginning cf the year.

2. GCther Azeas of Study to Ephance the Nodel

Ttere are many potential areas wvhich remain to be
investigated and can gpctentially increase the sfficiency and
effectiveness of this model. The areas of study are:
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1) The study of each CHMP within the airtorne
ccaminity +t¢ deteraine the relationships that
generate the structure for the transition matrix

?tﬁ ‘ pertaining to each CHMP. The determination of
>

gﬁﬂ each transition matrix allows <the relaxaticn of

3*? the assuapticn pertaining to the independence of

each CHNF and the application of ¢the methodclcgy
2 cf this thesis tc the entire airborne community.
,% 2) The estimation of the <transition probabilities
< tc include tcth inter-comsunity and intra-ccmmunity
soveaents. The estimation of the: transition prob-

SRR
-
.

rgg abilities is critical and may be detersined over
ggﬁ several time periods. The present unavailability
7*% of flowv data is the major obstacle in this area.

3) The evaluation of the model as a decision-
making aid and its integration and implementation
vithin the United States Aramy as a manpower Eglan-
ning guide. The real value of this model can be

. evaluated cnce it can ansver questions pertain-
ing ¢to the entire airborne comaunity.

) 4) The optisization of ¢training requirements by
a generalized network algorithm as an efficient
optisization alternative,

> €) The efficiency and effectiveness of the heurist-

Qg; ic algoritham pertaining to the optimizaticn mcdel.

;3 6) the validation cf the model using empirical

data to deteraine its effectiveness in personnel

prediction and optimization.
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